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ABSTRACT

In ajoint effort, the U.S. Navy and the Air Force have tested under operational conditions a series I
of improved techniques developed under the Air Force Integrated Maintenance Information System (IMIS)

program for delivering maintenance Technical Information to squadron Technicians. These improvements

included use of a Portable Maintenance Aid (PMA) for Technical Information display. In this test, carried

out in an F/A-18 fighter squadron at Marine Corps Air Station, Beaufort, South Carolirm, each of 16

Technicians performed six Fault-Isolation tasks, three supported by an Interactive Electronic Technical

Manual (IETM) displayed on a PMA, and three supported by a conventional paper-based Work Package '

(WP) Technical Manual. This report presents a comparison of Technician performance supported by the

IETMIPMA combination with performance using conventional paper Technical Manuals. The performance

data collected during the test showed considerable reduction in performance times for complex, multiple

Faults Isolations, and reduction of maintenance errors, when Technicians used the IETM/PMA j
combination. Also, Technician-preference data based on questionnaires showed strong support for

virtually all IErM/PMA features. Technicians also made suggestions for improving the IEFM and the

PMA. The test results have been provided to both Services as one basis for evaluating and improving

these IMIS technologies; specifically, (1) the specially developed PMA; (2) preparation of the IETM

Technical Information by automated methods based on initial construction of an IETM data base

(IETMDB); (3) The IMIS Presentation System (PS); (4) on-ground Fault Isolation using data from aircraft

Built-In Test Equipment (BITE) coupled directly to the PMA through a 1553 bus; (5) the MS Diagnostic

Module (DM), and (6) the IMIS Human Computer Interface (HCI) module. The IETM DB and the LETM N

Technical Information were constructed generally in accordance with the new DOD Specifications

MIL-D-87269 and NIIU-M-87268, respectively. 5
I
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The work presented in this report was accomplished under the direction

of the Carderock Division, Naval Surface Warfare Center (formerly the

David Taylor Research Center) under Job Order JO 1-1223-103 funded

by NAVAIR 411 under AIRTASK A4114114-0104-1411400001. 3'
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1 1.0 TEST SUMMARY

1 1.1 TEST OVERVIEW

In a joint effort, tl Navy and the Air Force have carried out an operational test of a series of

technological improvements developed by the US Air Force under its Integrated • intenance Information

System (IMIS) Program for delivering maintenance Technical Informatiop technicians. These

innovations consisted of:

a. Creation of maintenance Technical Information through use of an Interactive Electronic Technical

Manual Data Base (IETMDB) meeting the general requiremeints of the newly developed

MIL-D-87269; Data Base Revisable Interactiv Ekdronic Technical Manuals, for the Sipport

of, 20 Nov 1992 (ref, 1).

b. Conversion of the Technical Information in the IETMDB to a form suitable for viewing by the

end user on a Portable Maintenance Aid (PMA) through use of the MS PS (Presentation System)

software housed in the PMA itself. (Note that the MS term PMA, which will be used

throughout this report, is synonymous with the term Portable Electronic Delivery Device (PEDD)

used in the U.S. Naval Air Systems Command.)

Sc. The field use of PMAs for Fault Isolation.

d. The use of direct interaction be aicaft Built-In Test Equipment (BITE) and the PMA,

through a 1553 bus to facilitate on-ground Fault Isolation. The on-board data were integrated in

i the PMA by the MS Diagnostic Module (DM).

e. The use of the HCI (Human Computer Interface) model of IMIS for presentation of the TechnicalUInformation, which is generally in accordance with the newly issued M ,L-M-87268; Manuals,

Interadhw Eleconic Technical: General Content Style, Fornma, and User.Interadlon

i Requirenmnts, 20 Nov 1992 (ref. 2).

Each Technician perforted six Fault-Isolation tasks, three supported by an Interactive Electronic5 Technical Manual displayed on a developmental Portable Maintenance Aid (IrM/PMA) and three

supported by the squadron's conventional paper-based Work Package (WP) Techmical Manuals. The

i IETM/PMA combination represented the most up-to-date technology of the Air Force's Integrated

Maintenance Information System (IMIS) Program, Tests Nwre made using the Flight Control System of

1 3I



the Navy F/A-18 aircrafi. The test facility and test personnel were provided by the USMC Fighter

Squadron VMFA-312, Marine Corps Air Station, Beaufort, SC. After a Pretest (or Pilot-test) phase

designed to identify and resolve logistics, technical, or other problems, the Test was conducted during a

three-week period from 31 May 1992 to 19 June 1992.

I
1.2 PREPARATION OF TEST MATERIALS

The LME s used wer based on IETMDB material (F/A- 18 nmanteace data) created by MeDinnell

Douglas Aircrfi Company (MCAIR). The Technical Information in the IETMDB was extracted and

converted to IEIM format by IMIS Presentation System software hosted in the PMAs, which were

specifically constructed for this Test by the Air Force Armstrong Laboratory, Human Resources

Directorate (AIJHRGO). The Carderock Division, Naval Surface Warfare Center, monitored the authoring

process and the resulting 1ETM product. The extraction, compiling, and formatting processes required

were accomplished by a largely automated MS technique called the Presentation System (PS).

I
1.3 TEST OBJECTIVE 1

The objective of the test was to evaluate the effectiveness of several MS modules developed for the

preparation and display of EIMs as compared with paper-based Technical Manuals. Specifically, the

IMIS modules evaluated included:

a. A data base prepared for the F/A-18 in accordance with the USAF Content Data Model (CDM), I
a technique which forms the basis of ref, 1.

b. A new lightwight Portable Maintenance Aid (PMA) built by AIHRGO under the MS program.

c. Improvement in Fault-Isolation effectiveness resulting from direct interaction betwen the PMA

and the F/A-18's Built-In Test capabilities via the 1553 multiplex bas interfaced vith the MS

Diagnostics Module (DM).

d. New techniques for developing and displaying troubleshooting instrutions, i.e., instructions

selected dynamically by a presentation system hosted in the PMA, based on previous test

outcomes and test-candidate characteristics such as times-to-test and failure rates of the affected 1
components.

4 II



U " e. Computer-assisted completion of maintenance records [e.g., Visual Information Display

System/Maintenance Action Form (VIDS/MAF), the NAVAIR maintenance control and reporting

form].

i 1.4 TEST STRUCTURE

R The test compared performances of Technicians working with the IEIMiPMA combination to

performances of Technicians working with the existing F/A- 18 paper-based Work Package (WP) Technical5 Manuals. Sixteen Marine Corps Technicians (with Electician or Comnuniction/Radar/Navigation MOSs)

performed the work. Half of the Technicians were experienced and half, inexperienced. After an initial

i indoctrination session, each Technician was asked to perform six Fault-Isolation tasks, three guided by

IETM/PMA-presented I1 and thrd guided by paper-based F/A-18 work-package TMNs (i.e,, a total of 96

Sindividual tests). Each of the six Fault-Isolation tasks was divided into a number of sequential Intervals.

The faults %%re of throe significantly diflerent types.

Data collectors recorded performance time and errors for each Interval of the participants'

performances, and solicited Technicians' opinions as to effectiveness of various features of the IEIM/PMA

combination.

1.5 TEST RESULTS

I l�M technological innovations tested in the field worked satisfactorily in all cases. Technicians

wiee able to perform the troubleshooting tasks assigned in a shorter time with the IEIMVPMA

combination than with the existing pdper-based Technical Manuals (with isolated exceptions).

Performance benefits Am particularly noticeable with regard to inxperienced Technicians, whose' performance was brought to a level approximating that of the experienced Technicians, a result indicating

that the advent of IETMs into the squadrons could significantly reduce the requimnts for training and

could result in a more effective use of inexperienced nmantenance Technicians. Fault-Isolation errors were
few. All data apre rsented in detail in section 4 and evaluated in section 5.

In response to questionnaire based interview, Technicians:

,1 * Showed preference for Nirtually all of the IETM/PMA features, and

I



* Provided a number of suggestions for further enhancement of the IETM/PMA combination.

1.6 TEST CONCLUSIONS,

All phases of the Joint Navy/AF F/A-18 tests are considered to have been successful in that they: i
a. Showed that the extensive automation applied to procedures for creating and displaying IETMs

on PMAs produced improvements in Technician performance (over lcrfonnance with paper TMs) I
equivalent to that produced by IEvM which had been prepared entirely by a human author.

b. Provided detailed guidance for improvement of the MS developmental procedures and modules

tested, both as a result of the quantitative test data (e.g., perfonmnce times) and as a result of an 3
extensive set of Technicians' evaluations.

1.7 STRUCTURE OF TEST REPORT 1
Section 2 presents background information leading to the Test. Section 3 describes the Test

methodology. Section 4 presents the results attained from the tests, particularly performance time and 3,
performane errors. Section 5 discusses the significance of these results. Section 6 presents Conclusions

and Recommendations, Appendix A contains a detailed surnmay of Technicians' Comments concerning

the IMIPMA combinations. Appendixes B through E show the forms used by test personnel to obtain

Technician Responses. Appendix F presents sample IErM/PMA frames. 3

I
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2.0 TEST BACKGROUND

2.1 BACKGROUND

2.1.1 The Computer-aided Acquisition and Logistic Support (CALS) Initiative

i Under the CALS Initiative, the Department of Defense is moving to apply integrated computer

technology to support the development and maintemance of its weapon systems. In support of this thrust,

3) the USAF Armstrong Laboratory, Human Resources Directorate (ALJHRGO) and the Carderock Division

of the Naval Surface Warfare Center (CDNSWC) have been performing coordinated RDT&E to improve

the presentation of Technical Information to enlisted Technicians engaged in maintenance of weapon

systems through the use of interactive electronic display.

1! 2.1.2 [ETM Development Research History

I Since the mid-1960s, the military Services have sought to improve the overall quality, management,

and delivery of military Technical Information in all of its aspects. Initial efforts concentrated on

developing improved paper Technical Manuals. Since the early 1980s, the emphasis of the effort has

shifted to the application of computer technology for the storage, control, and presentation of maintenance,

system-operation, training, and other forms of logistic-support Technical Information. All Services have

established on-going programs to develop and apply this technology. Table 1 lists the major operationalg tests of these endeavors to date. (See References for complete citations).

The advantages and deficiencies of the TI preparation and delivery approaches noted during these

tests, together with recent technological advances, have provided the basis for developing the next
generation of electronic delivery system. Most recently, AL/HRGO and CDNSWC have collaborated5 on the field test of an IErM/PMA combination using as a test bed the Flight Control System (FCS) of

the Navy F/A- 18 aircraft. The advantages and deficiencies of previous systems are summarized below,

I followed by a list of the technological features which wre designed into the IETM/PMA combination in

an effort to overcome the deficiencies noted.
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TABLE 1.3

ELECTRONIC DELIVERY SYSTEM TESTS
PRIOR TO CURRENT USAF/UJSN F/A-18 TEST

PERFORMING
PROJECr TIZL AGENCY- fAIE OF T&L TEM VEHICLE

Cowmputer-based Air Force Humian January 1985 APX 64 1FF Transponder
Maintenance Aids Resourme set
System (CMAS-I) Laboratory
[ref. 3] (AFHRL)I

Navy Technical David Taylor October 1986 F-14A Rudder Manual
Information Research Center Trim System (RMTS)
Presentation System (DTRC)
(NT[PS-1) [ref. 4]

CMAS -11 [refs. 3,5] AFIIRINavy December 1986 APX 64 (V) [FE
Personnel Research Transponder Set3
and Development
Center (NPRDC)

NTIPS H [ref. 6] DTRC April 1987 AN/SPA-25D) Radar
Repeter Set

Personal Electronic U.S. Army ARI March 1989
Aid for Mantenace
(PEWM [ref. 7]

Portable Computer AFHRL May 1989 F-16 Fire Control Radar
Maintenance Aids
System (PCMAS)3
(ref. 8]
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S2.1.2,1 Adatg fElectonic-Disp.lay .A"=oahes Shown 12.Tests

I The optimal association of text and graphics on the screen is much easier for the technician to

comprehend than the current paper-based formats.

* Technical Manuals in electronic form require considerably less manpower to update than their paper

I counterparts,

* Software linking between screens allows the technician to gain direct short-term access to related

pieces of information. The same access through cross-referencing in paper Manuals is much more

time-consuming and tedious.

Interactive troubleshooting guidance contained in electronic delivery systems is more effective than
its counterparts in conventional paper Manuals.I

2.1.2.2 Deficiencies Retored During Previous Tests

3 * The pre-established form of the troubleshooting instructions in earlier tests restricted the Technicians'

use of their experience and knowledge in streamlining a Fault-Isolation procedure. Fault-Isolation3 procedures using feedback from previous maintenance actions (e.g., actual failure-rate data) can

increase the effectiveness of such procedures.

I , Many of the devices used to display the TI, and especially their user interfaces, vmm off-the-shelf
commercial items, not designed for maintenance applications and less than optimum in human-factors

3 design. In cases where special devices were designed, bulk and weight were problems.

* Most future and many current weapon systems include Built-In Test (BIT) capability, yet only the

PCMAS device used in the F-16 test (ref. 8) had a capability which allowed the Technician to use

his display device to interact directly with BIT. Such an interaction provides a potential for

3 improving the timeliness and accuracy of diagnostics,

. The maintenance process includes a substantial amont of paperwork which lends itself to computer-3 assisted preparation. However, previous programs had not fully tested this potential application.

, Graphics were in general of poor quality. Display softre ws frequently inadequate (e.g., requiring5 unacceptable time to associate the required text and graphics, and to present successive frames to the

user).I
2.1.2,3 Technological Advances

3 As repeated field tests have refined both operational requirements for IErvs and an understanding of
the effectiveness and deficiencies of proposed approaches, the Navy and the Air Force have continued

*9
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developmental and evaluational efforts in IETM technology. The MIMS program of the USAF Armstrong

Laboratory (ALIHRGO) [Refs. 8,9,10] continued the efforts started under the CMAS and PCMAS projects I
with the purpose of exploiting recent technological advances, The products developed by applying these Im
advances included the following:

Portable Maintenance Aid (PMA). AL'HRGO developed a portable display device for the F/A-18
test consisting of a special-purpose portable computer specifically designed to support maintenance I
on the flightline. A key feature of the device is its transflexive, high-resolution, Liquid-Crystal
Display (LCD) usable in a range of ambient light from bright sunlight to total darkness, £
Specifications for the PMA are given in Table 2. The keyboard and screen layout are shown in
Figure 1.

a Diagnostic Module (DM), [ref. 10] The DM is designed to use Technical Information extracted

from the aircraft's BIT via the 1553 data bus, and to integrate this information with system Technical 1
Information (eg., signal-flow information), symptom-fault relationships, test times, rectification times,
and component failure rates. From these data, the DM computes a recommended procedure for

isolating an observed fault, The Technician may follow the recommended procedure or he may rely
on his experience to select one of the listed alternative strategies. Also, the DM has the capability,
of handling cases involving multiple faults.

e Content Data Model (CDM). The CDM is a hierarchical data base structure similar to the "topdown
breakdown" approach used to organize parts and pieces of a weapon system. The CDM offers an
orderly structure for electronically storing and exchanging software-system independent digital

representations of the system data upon which the EiM is constnced. From this data base (the I
IEfMDB), it is possible to extract the data and display it on any of several display devices, provided
that a suitable Presentation System (PS) is available to establish the proper information sequencing 5
and arrangement. The test was intended to assess the suitability of a portion of the F/A-18 data base
constructed in accordance with the MIL-D-87269 revisable data base Specification. [ref. 1] (Note
that this evaluation, involving the effectiveness of the 2ETMDB as an interim measure in preparing
the IETM, was not part of the field evaluation described in this report, which tested only the final

IETM product. The LETMDB evaluation is being reported separately by Armstronp Laboratory,)

- Presentation System (PS). The IMIS PS is a software package that extracts data from the IE1MDB,

organizes it, and provides the proper commands so that it can be viewed on specific display devices;
in this case, the IMIS PMA. In addition, it maintains records of maintenance actions taken and

automatically completes forms to report these actions. An evaluation of the effectiveness of the PS 5
in providing IElM Technical Information is being performed by Armstrong Laboratory.

10 ,
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I TABLE 2.

3 IMIS PMA SPECIFICATIONS

3 CPU Motorola 68020-based hybrid

5 Size 9,5" x 10.5" x 2,5"

9 Case Carbon-fiber composite

Weight 6 lbs

Display Ovonics 6" x 8" monochrome active matrix,

640 x 480 resolution

Meimory 6 MByte SRAM, 4 MByte FLASH PROM,
32 MByte removable memory cartridge

SGraphics Intel 87871-based hybrid

SInterfaces M.STD 1553, RS 232C, 1.3 M~ s

channel hopping radio

Powr Supply 16.5 Volt Yardney Silverell battery pack

5 (4 hour), 15 Volt DC external output

Operating System Application software

Digital Multimeter AC Volts, DC Volts, Ohms, autoranging

U
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Human Computer Interface (HCI). The IMIS PMA, as designd and configured in accordance

with the HCI, permits the rapid retrieval of dsired Technical Infolmation, including information via

the 1553 bus from the aircraft's BIT. Because of the PMA's small size, input devices include only

a limited keyboard (numbers, special-function keys, and programmable function keys) and a joystick.

An adaptation of the Open Software Foundation methodology, the HCI uses the "aim and shoot"

approach for information access and manipulation. The test was designed to evaluate the HCI by
fielding an IETM/PMA combination constructed in accordance with MIL-M-87268 [ref. 2], which3 provides requirements for general content, style, format, and user-interaction features of IEMls. The

HCl has been described in some detail in ref 11,

3 2.1.3 The Interactive Electronic Technical Manual (IETM)

3 The term IETM [see ref. 12] has been defined, for example, in ref. 2, as follows:

A Technical Nanual, prepared (authored) by a Contractor and
delivered to the Governnent, or prqpared by a government
activity, in digital form on a suitable medium, by means of an
autated Authoring •tam desig•ed for electronc-screendisplay t.o an and user, and p:ossessng th followin tr ee3 characteristics
a . Th format and style of the presented information ae

optimized for sreron presentation to assure mmxiu
comprehansicnp that is, the premsentation format is
"fzmme-orientedl, not "page-oriented".

b. The elemnts of Technical Information constituting the
TM are so interrelated that a user's access to the
information he requires in facilitated to the greatestextent possible, and is achievable by a variety of

N pathA.

c.a The comuter-controlled TN-Display device can function
interactively (as a remult of user requests and
information input) in providing procedural guida•nc,
navigational ,.irctions, and supplemntal information
rand also in providing assistance in carrying out
logistic-support functions suppl , tal to maintenance.

Characteristics of such a presentation have been described, for example, in ref. 3, and general

requirerments are presented in MIL-M-87268 [ref. 21. The HCI and the Presentation System of IMIS have

Sbeen designed to present the required Technical Information to a technician in IETM form.

S 13
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3
3.0 METHODOLOGY

3.1 GENERAL APPROACH i
Although the test was arried out under normal squadron maintenance conditions to the extent 1

possible, sone minor changes to normal procedures were necessitated. These included:

a. Assignments were given to Technicians by test personnel rather than Maintenance Control and S
Work Center supervisors.

b. Communications with Supply wnre simulated by test personnel.

c. One Technician was asked to perform all of the work of an action instead of using the customary 3
team approach.

d. External hydraulic power was used as compared with the usual practice of relying on aircraft

hydraulic systems.

e. A technically qualified test supervisor stayed with the test Technicians to assure safety and to

respond to any questions the test Technicians had. 3
S

3.2 TEST METHODOLOGY

In order to accomplish the Test objective (see section 1.3), the primary methodology of the Test was

to compare (a) the effectiveness of Technicians' troubleshooting performance when using the specially

prepared IEbTMPMA combination, with (b) the effectiveness of their performance when using paper I
Technical Manuals to guide their efforts.

Specifically, the following testing was done:

a. With each type of Technical Manual, compare troubleshooting performance in terms of time B
on task, success in finding the fault, number of False Removals, and Procedural Errors.

b. Evaluate user preference for the IEIM/PMA combination with respect to the paper Tis,

stressing information access and presentation effectiveness, Solicit user suggestions with 3

14
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regard to troubles experienced with, and proposed improvements for, the technological

impovements tested. (These features are summarized in section 2.1.2.1.)

c. Evaluate the PMA design in accordance Aith Human Factors principles and use preferences.

d. Evaluate three principal maintenance-support capabilities of the IETM/PMA combination on

the bases of troubleshooting performance tneasures and user preferences. These capabilities

(1) The diagnostic interface of the IETM/PMA with the F/A-18 Built-In-Test Equipment

3 (BITE) through the 1553 multiplex bus,

(2) The automated completion of standard maintenance-action and reporting forms and parts-

I ordering requests.

3 (3) The integrated display of diagnostic instructions, maintenance procedures, and schematic

diagrams by mneans of a self-contained portable display device (the PMA).

I

1 3.3 TEST DESIGN

In the experimental design was a 2x2x3-factorial mixed design. The independent variables wmme:

Factor 1 The Technical Information Display approaches (two: IETM/PMA and Paper TM);

Factor 2 Experience levels of the Technicians (tv: Experienced and Inexperienced);

Factor 3 The types of faults (three: Relay Faults, Cannot Duplicate "faults", and Multiple
Faults. The fault types are described in section 3.4.1.). Each type of fault had two

representative faults of equal complexity, i.e., six individual fault situations werc

used.

I Factor 2 involved between-group comparisons; Factors 1 and 3 involved within-group comparisons.

Each of the 16 Technicians attempted three Fault Isolations using the IErM/PMA combination (oneI from each fault-type pair) and three Fault Isolations using the paper TMs (the remaiing fault from each

pair). From each experience-level group, four participants used the IETM/PMA combination fist and four

I used the paper TM first. This counterbalancing eliminated the effects of learning bias and interference.

Each Fault-Isolation procedure was performed an equal number oftimes with 1EIM/PMA and paper-TM

1 1
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support; i.e., paper TMs were used for three Fault Isolations and the IETM/PMA combination was used

for three different isolations. To avoid confusion and interference learning, one TM type was used for

three consecutive Fault Isolations, then the other system was used for the next three. The faults assigned

to the paper-TM tests and the IETM/PMA tests were randomized to eliminate undesirable learning effects

either positive or negative,

To accommodate a total of eight participants in each experience group, two additional sequences

ware randomly selected in such a way that each Fault Isolation was attempted an equal number of times 3
with each type of TMX and that each Fault-Isolation sequence within a pair was carried out an equal

number of times. As a last precaution, the assignment of TM type to test Technicians was alternated 3
between IETM/PMA-then-paper and paper-then-EIMPMXA The effect of these assignment considerations

resulted in the run schedule shown as Table 3. 3

3.4 FAULT DESCRIPTIONS I
3.4.1 Faults

The Strike Ahrfi Test Directorate at Naval Air Station (NAS) Patuxent River had evaluated a

"Fault Insertion Program" for the Naval Air Systems Command [refs, 13 and 141. The purpose of the

project was to generate and exercise simulated faults as a means of testing the BIT capability of the F/A-

18 FCS. A total of 188 faults were developed which could be "inserted" into the FCS through the use

of a device referred to as a Breakout Box. A total of 34 additional faults ware developed later. Four of

the faults used in the F/A-18 IETM/PMA test were drawn from this pool of 222 faults. Three fault types 5
were used as the basis for the test: two faults were chosen from each of thre fault types.

I
I
I
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TABLE 3

3- ! PARTICIPANT RUN SCHEDULE

S Test
ublects I= of Fault Souence I= fTML

1 3 15 2 64 PMA - Paper
2 1 3 5 4 6 2 Paper - PMA
3 4 2 6 5 3 1 PMA - Paper
4 6 2 4 3 1 5 Paper - PMA

5 1 5 3 6 2 4 PMA - Paper
6 5 1 3 2 4 6 Paper - PMA
7 624 513 PMA - Paper38 2 6 4 315 Paper - PMA
9 3 5 1 2 6 4 PMA - Paper
10 1 3 5 4 6 2 Paper - PMA
11 4 2 6 5 3 1 PMA - Paper
12 6 2 4 3 1 5 Paper - PMA3 13 1 5 3 6 4 2 PMA - Paper
14 5 1 3 2 4 6 Paper - PMA3 15 6 2 4 5 1 3 PMA - Paper
16 2 6 4 3 1 5 Paper - PMA

II

I
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The three pairs of faults by type are:

a. R&ay (lectrical Faults EaWuts Land&2),I

Insertion of two defective relays which had failed while in service was used to represent these i
faults. The main characteristic of this fault set was several branchings in the Fault-Isolation

procedure. The paper IM indicated branching by a two-column "go to" arrangement which 3
directed the Technician to move to the next step or a step firther downstream or upstream in the

step sequence. The IEfM/PMA required only simple keying actions to input test results and to

display the next action. The two faults in this set involved:

1 Nose Wheel Steering Selector Valve 1
2 Left Wing Unlock Relay

b. Can Not Duplicate (CND) Faults (aults 3 and 4).

Using the paper IM to isolate faults in this set required a Technician to watch a rapidly scrolling I
set of multi-digit numbers in a window of his Digital Display Indicator (DDI) and then, by
referring to a chart in a different location in the TM, judge whether the numbers he had seen fell

within the chart's acceptable range. The IEfMvPMA combination fed the numbers into the PMA

(via the 1553 interface bus) which performed an initial, automatic, assessment of the numbers. I
This pair of "faults" consisted of the Can Not Duplicate (CND) faults; i.e., the correct result of

the Technicians' task was to indicate the absence of a fault. Thus, no faulty components were in 3
fact present, real or simulated. However, the symptoms reported to the Technicians indicated
faults in the following components: 3

3 RIght Trailing Edge Flap

4 Left Stab Test

c. Multiple Faults (Faults 5 and 6). 1
Each fault of this tfult type consisted of establishing a combined st of symptoms for two failed

components. The insertion of these faults used the Breakout Box referred to earlier. In Fault I
Isolation using the paper TM, the Technician was required to approach this Fault Isolation as two

separate Fault-Isolation problerm , with the need to solve one problem before moving to the next.

I
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With the IETM/PMA combination, the combined symptom set was addressed as a single fault (the

tests used to solve the second fault [e.g., 5 (b)] were a function of the tests used to solve the first

fault [e.g., 5 (a)], The two fault combinations in this set involved defective wiring or connectors

associated with:

1 5 (a) Trailing Edge Flap and 5 (b) Aileron Left.

6 (a) Aileron Left Shutoff Valve and 6 (b) Leading Edge Flap Left.I
3.4.2 Fault Insertion

Inserting the two Electrical Faults [1 and 2] involved replacing good relays with ones that had failed

in service. The next two faults [3 and 4] were CND situations and, whereas symptoms were provided, no

fault was actually present. Each pair of Multiple Faults [5 (a), 5 (b) and 6 (a), 6 (b)] was inserted non-

destructively into the FCS of the F/A-18 using the Breakout Box.

3 The Breakout Box used to insert faults into the FCS was connected by cable to each of the two FCS

computers (FCCA and FCCB), Each fault was associated with one of the Breakout-Box switches. Labels

3 on switches identified the fault, e.g., in the label A-Jl-2, the A meant FCC A; the JI meant Computer

Connector 1; and the 2 meant pin #2. The procedure for inserting faults using the Breakout Box was as

5 follows:

a. Ensure that the test aircraft had been made safe for maintearnce.

b. Apply ground-based electrical and hydraulic power to the aircraft.

3 c. Run preflight Initiated BIT (IBIT) to determine that the aircraft was fault-free.

d. Install fault-insertion tester into the system at the connectors of both flight-control computers

(FCCA and FCCB). The Breakout Box was equipped with jumpers for opening the connection

between the FCCs and the aircraf.

e. Run IBIT to determine that the FCS had remained fault-free.

U f. Set desired fault on the Breakout Box.

3 g. Run IBIT to confirm intended fault state.
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3.5 PREPARATION OF THE INTERACTIVE ELECTRONIC TECHNICAL MANUAL (IETM) I
3.5.1 Work Package Source Data

Selected parts of the existing F/A-18 Work Package paper TMs were used as source data for the

preparation of the ITM Technical Information. These were: I
a. Fault Reporting Manual (FRM) - Consists of lists of BIT fault codes each of which refers to

specific parts of other WPs for follow-up troubleshooting and repair.

b. 100 series manuals - contain theory of operation for the FCS. I
c. 200 series manuals - contain troubleshooting instrctions for major parts of the FCS; e.g., Wing

Fold System.

d. 300 series manuals- contain Corrective-Maintenance instructions, e.g., remove and reinstall, align,

rig.

e. 500 series manuals - contain a mixture of locator drawings and 9" x 14" sheets of schematics. I
f, Line Maintenance Manual (LMM) series - doors and panels.

g. Plane Captain's manual. !

3.5.2 Organizing the IETM I
Material from the pertinent Work Packages (WPs) of the Flight Control System rwe fonmed into a 3

database (IE1MDB) organized according to the Content Data Model (CDM) concept. Elements of the

CDM database wre marked with Standard Generalized Markup Language (SGML) tags as required for 3
data-exchange purposes. Before any part of this database could be viewd on the display of the Portable

Maintenance Aid (PMA), the TI was extracted from the database and organized into a form that is 5
viewable on the PMA. This ordering of the Technical Information in the IE1MDB was accomplished by

applying a set of algorithm (referred to as the [MIS Presentation System) hosted in the PMA. This

overall sequence is summarized by Figure 2.
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!
3.5.3 IETM Reviews g

Although, in general, ETM Quality Assurance procedures prescribed by MIL-Q-87270 [ref. 16],

which had not as yet been issued, vAre not followed in preparation of the Test IETM materials, additional 3
QA efforts performed during the preparation process included:

a. Human Factors (HF) Reviews of draft IE`TM to ensure that the information as shown on the I
IETM/PMA display did not deviate from accepted HF criteria, as reflected in the Human

Computer Interface (HC1) [ref. 11], in MIL-M-87268 (ref, 2), and other relevant HF literature, I
In reviewing the draft IErM TI, IF personnel also took into account the following considerations:

(1) Adequacy of amount of material. (Is the amount of text and graphic information usable by

the Technician?). i

(2) Ease of following progressive sequences of illustrations (e.g., from work atea to panel to

relevant part). I
(3) Effectiveness of callouts (the number of callouts and the order of their appearance), 3
(4) Legibility of relevant graphic items, (At normal reading distances, the items should be large

enough to subtend a 12-minute arc at the viewer's eye).

(5) Adequacy of the user/PMA interface, including the following considerations:

(a) All required functions included?

(b) Placement of priority keys. I
(c) Means of cursor control, e.g., joystick or cursor arrow keys. 3
(d) Ease of operation, e.g., retrieval, navigation among different types of TI.

b. Performance of [ElM Validation and Verification.

(1) Validation. I
In preparing new Technical Information, either in paper form or as an IETM, Validation is 3
a Contractor function which must be performed on the weapon system (aircraft or aircraft

component) involved, using actual TI which is displayed on the same Display Device that is

to be used by the maintenance technician. The purpose of Validation is to guarantee that all

22 1
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TI content necessa,-y to perform maintenance is present and accurate. For nurposes of the

F/A-18 test, however, Validation by MCAIR consisted of the following:

(a) Determined that the textual contents of the paper-TM and IETM Technical Information

forms were in conformance.

I (b) Determined that the locator graphics in paper form were equivalent to (presented the

g same inforrmatior as) the locator graphics in IETM form.

(c) Detemined that the text and graphics in the EI'M were linked correctly.

I (d) Determined that all EUM branching was present and that there were no dead ends.

(e) Determined that the IETM was viewuble and usable on the IMIS PMA.

(2) Verification is a Governmnt responsibility petrformed on the aircraft, using military

I technicians and IEriNPMA. The purpose of Verification is to assure the usability of the

IETM/PMA in a realistic environment. A formal Verification was not conducted. Instead,6 during the PreteMst which preeded the test, the test team, including operational personnel,

reviewed the IErM/PMA to assess the usability of the EM Problems were corrected prior

3 to the actual test,

I
3.6 DESCRIPION OF SUBJECr TECHNICLNS

I Sixteen Marine Corps Technicians participated in the test. All possessed specialties of either

Electrician (Military Occupational Specialty 6337) or Communications/Navigation/ Radar (Mlitary

Occupational Specialty 6317). Eight of the Technicians were judged by their supervisors to be

experienced in F/A-IS Flight Control Sysem (FCS) maintenance; each of these Technicians had at least

24 months' experience of hands-on work on the FCS. The remaining eight Technicians were judged to

be inexperienced, having 18 months or less on the FCS, with the average at 10.25 months. Fifteen of the3 sixteen Technicians were male; one was female.

SParticipation in the test was voluntary. All participants were briefed on the general nature of the test.

All signed an Informed Consent Form.

I
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3.7 DESCRIPTION OFTHE TEST FACILITY g

The Test Facility included two external hydraulic generators, the Breakout Box, a workstand for

cockpit entry and exit, an intercom system, Workcenter spaces with TMs, briefing/debriefing areas and 3
a portion of the hangar for the aircraft and its support equipment. Technicians were supplied with

appropriate tool boxes and other required equipment. The same hangar space was used throughout the

test, I
3.7.1 The FCS and the Aircraft 3

"The test vehicle was the Flight Control System (FCS) installed in a single F/A-18 aircraft (used

throughout the test): Model C, Lot XMI The aircraft was provided by VMFA-312, MCAS, Beaufort, SC, I
Parked inside a hangar with all (ground-based) power connected, the aircraft and its support equipment

were roped off for safety purposes. All aircraft doors required for maintenance access remained open. 3
S

3.7.2 External Hydraulic Generators

Standard diesel-powered hydraulic generators were used to provide hydraulic power during execution I
of the test problems. VMFA-312 provided a qualified operator to run the generators. Refueling and

monitoring the condition of the generators (especially by monitoring the temperature and by running

occasional checks) was shared by VMFN s Safety Monitor and the generator Operator. g

3.7.3 Breakout Box I
The Breakout Box (see section 3.4.1) is described in ref. 13. 3

3.7.4 Workstand

A workstand of the type tat rolls up to the side of the aircraft was used to facilitate personnel 3
movement between the cockpit and the hangar floor, and to provide a perch for the team's technical

observer while the Technician was performing cockpit checks. 5
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3.7.5 ht :tom

An intercom was used to provide commurt;cation among the Technician performing the maintenance

3 task, the team's technical observer, and the data collector, The most frequent intercom communications

were between the technical observer and the test Technician and between the technical observer and the

5 data collector, e.g,, the technical observer informed the data collector of the "handshake" (successful

connection) between the 1553 multiplex bus and the PMA, or completion of a cockpit check, neither of

3 which is observable from the hangar floor, the data collector's post,

3.7.6 Workeenter Spaces

I Three separate work areas were provided in the VMFA-312 hangar and Administration Building.

Space for the parked aircraft and its support equipment was provided directly outside of the Workcenter

3 office and work-cage areas, One work-cage space (in the hangar building) was provided for test team

equipment and personnel, and for Technician debriefing following each problem. Conference-room space

3 was provided in the Administration Building for Orientation Briefings, form completion, and PMA/WP

training,

5 3.8 DATA COLLECTION

3.8.1 Process

I The following paragraphs identify the types of data collected and the means used for data collection.

I a. EMAITraining. The PMA training session consisted of oral descriptions, demonstrations of PMA

capabilities, and hands-on Technician tryout and practice of these capabilities. Frequently,

£ Technicians made favorable or critical comments regarding various features of the device or its

displayed Technical Information during these sessions. The trainers documented these conrments

6 so that they could be included in the Debriefing Comment analysis.

b. Binom~emhcDta'M Set. IThese forms asked for background on each Technician, e.g., service time,

technical schools attended, time in squadron, and amount of hands-on experience. This

information was used to establish the differences between personnel assigned to each experience
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level; and if any Technician performed unusually well or poorly, to disclose whether or not

anything in his background could be the cause of this extraordinary performance. An example

of this form is provided in Appendix B.

c. PerfoMMnceObservation Forms, These forms (a sample is provided in Appendix C) listed four
standard "Intervals" (see section 2.2.2) for each Fault-Isolation task. (The CND problem type did 3
not include the Parts-Ordering Interval.) The data collectors, in close communication with the

technical observer, entered start times for each Interval (the stop time for an Interval was the start
time for the following Interval). The form provided space for entering notes on observed errors,

Errors tended to be of thr types: (1) Procedural (took the wrong branch after a test outcome),
(2) False Removals or (3) Failure to Isolate the Fault. The data collectors noted any other

significant behavior (good and bad) for discussion with the Technician during Debriefing.

Technicians' petformance times and procedural-error data were analyzed statistically; content
analyses were performed on the D'ebriefing comments,

Time and enror data of the tye discussed above wr collected for each of the ibllowing
sequential test Intervals (see section 3.814): 3
(1) Preparation.

(2) Fault Isolation.

(3) Parts Ordering. I
(4) Maintenance Close-out.

d. Dbeng. Notes on any significant behavior which the data collectors observed during a
Technician's performance were entered on the Performance Observation Form Later during
debriefing, the data collectors used these notes to initiate Debriefing discussions, which were held

after each problem performance. TWo sample videos we made and retained to illustrate the 3
nature of these interviews: one for an experienced Technician and one for an inexperienced

Technician.

e. User -Ealuation Q tinairm. After finishing the six Fault-Isolation tasks, each Technician was
asked to complete a User-Evaluation Questionnaire (a form is provided in Appendix D), Thus,
each Technician's bases for responding to the Questionnaire items consisted of three maintenance

tasks guided by the LETW PMA combination and three guided by paper TMs. (See Table 3).
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Each use of the IETM/PMA in a particular Fault-Isolation effort was paired with a paper-TM use

in suppo't of tic other test of that type. A Technician responded to items of the Questionnaire

by selecting one of five: scale values indicating the Technician's opinions regarding the pertinent

ElM or PMA feature. The scale values ranged from Unsatisfactory to Outstanding. The

Questionnaire items covered the IETM/PMA areas of:

(1) PMA physical dimensions.

3 (2) Keyboard layout.

1 (3) Display characteristics (brightness, contrst).

(4) Comprehensibility of IEIM formats.

(5) Cursor, menu, and infon•ation-access features.

1 (6) Text and graphics adequacy.

3 (7) Automatic form-completion procedures.

(8) Other corments,

I f. S Inteew. The structured interview posed 16 questions to elicit the Technicians'
opinions of the PMA. A major purpose of the interviewer was to use these questions as the basis

for expanding the discussion into other areas. Two of the sixteen questions dealt with "most likedg - least liked" IEIM/PMA features. A copy of the Stuctured Interview Guide is provided in

Appendix E.

3 g. Team Personnel Observation The final source of data was the interaction of the test-team

members with, and observation of, the participating Technicians. Each team member documented3 his observations on the design and use of the IEIM/PMA combination. Comments included such

opinions and such factors as consistency with the way the squadron does maintenance, ways that

SIEMTh/PMA usage might be expanded, and the features of the device itself. Comments which

were not already covered by other sources became a part of the Debriefing Comments which3 appear in section 4.2 of this report.

2
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3.8.2 Test-Team Personnel i
The test-team personnel who administered the F/A-i18 IEIM/PMA field test were as follows:

a. DLTs irectnr (One per shift). TNo scientists, one from AL/HRGO and one from NCC&OSC, I
were responsible for directing the overall effort. Specific responsibilities of tie Test Directors

included:I

(1) Acting as the Government's agents in matters involving planning, scheduling and conduct of 3
the test.

(2) Providing principal liaison among NAVAIR, VMFA-312, CDNSWC and ALI.RGO, 1
(3) Ensuring smooth operation of the pilot study and the test, as well as proper evaluation of their

results.

b, hI= Linison (One, from CDNSWC). This test was co-sponsored, by the Navy (NAVAIR 411) 3
and the US Air Force (AL/HRGO). Liaison was provided between the test team and the

sponsoring organization throughout the development of the IETN/PMA combination and the Test 3
Plan (ref, 15); and the conduct of the Pretest (Pilot Test) and the Test including the data analysis

and report preparation. Specific duties included: 3
(1) Progress reporting and resolution of problems during IETM/PMA development, Test Plan

development, test conduct, and report preparation.

(2) Site selection for the MEIM/PMA tryouts, pcrflonmuici of the InPLst and Test, especially

through interaction with VMFA-312 and COMNAVAIRLANT.

c. & yMonitr (One per shift). Safety monitors, provided by VMFA-312, were senior I
Technicians qualified in all aspects of the F/A-18 FCS. Primary responsibilities were to monitor

Technicians' performance in order to: I
(1) Ensure safety, especially for the Technicians serving as participants, 5
(2) Resolve conflicts concernhig the use of VMFA-312 resources, e.g., aircraft, test equipment,

spaces, personnel, and Technical Information. i
(3) C_,rdinate the scheduling and support of Technicians serving as test participants. 5
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I
(4) Ensure that no damage was done to any of the equipment involved (the aircrmft FCS, test

equipment, and support equipment).

£ (5) Assist test participants in the performance of multi-person tasks (in accordance with an

established test-performance protocol).

Id Technial Observe (One per shift from ALIHRGO Contractors MCAIR and SED. These

Contractor personnel observed the participating Technicians' step-by-step actions throughout

performance of the test tasks. These personnel were expert on the F/A-18 FCS, its maintenance,

the paper-based TMs, and the IETM'PMA combination. Their responsibilities included:

(1) Safeguarding personnel and equipment.

(2) Communicating performance times, errors, and task status to the Data Collectors.

1 (3) Evaluating Procedural Errors and False Removals; and judging success or failure in Fault

Isolation.

3 e. Trainers. (Trne, scheduled as necessary to meet training needs. Training personnel consisted of

Air Force officers on the staff of AL/HRGO and a representative of the University of Dayton

3 Crew Systems Ergonomics Information Analysis Center). These personnel developed and

administered the IETM/PMA and paper-TM training programs, both initial and refresher sessions.

3 Responsibilities included:

(1) Administering the Overview Briefing, the Informed Consent Form and the Biographical Data

Forms.

3 (2) Interacting with the Test Directors to establish upcoming run schedules and associated training

needs.

1 (3) Administering initial training, criterion testing, and remedial training as necessary; and

providing refresher training for both the IEfTMPMA and the paper TMs.

f DaCollctr(Twvo per shift, consisting of civilian and military staff members of AL/HRGO

Sand a representative of Scientific Management Associates). Data collectors recorded Technicians'

perfortance times and error data, and solicited opinion data during debriefing sessions, Data

g collector efforts overlapped4 that is, while Collector Number 1 monitored the performance of one
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Il
Technician, Collector Number 2 was debriefing the previous Technician, Specific responsibilities

of this position included:

(1) Assuring a smooth flow of test participants. 3
(2) Monitoring the performance of the test participants and recording observations on the

Performance Observation Forms.a

(3) Participating in the resolution of problems, mrisunderstandings, or procedural issues with the 3
test Technicians and other test-team members.

(4) Administering the User Questionnaire and Structured Interview following a test participant's I
pelrfOlrrnance,

g. Te a S (Three personnel scheduled as necessary throughout the test). These personnel

were PMA softv•u and hrdlware experts. The positions were filled by personnel under contract

to ALI-RGO. Specific duties included:

(1) Monitoring the status of the PMAs, drives, and batteries including the use and recharge 3
cycles.

(2) Monitoring the operation of the PMA hardware and software; resolving any problems I
encountered with the device during the test, g

(3) Providing video recordings during the shuctured interview. I
3.8.3 Materials and Recording Forms £

All materials and forms used in the test are listed below. Their use has been described in

section 3.8.1. Samples of four of these materials appear as Appendixes B through E, I
1. Orientation Briefing 5. Performance Observation Form (C) 5
2. Informed Consent Form 6. User Evaluation Questionnaire (D)

3. Biographic Data Sheet (B) 7. Structured Interview Form (E) 3
4, Training Syllabus

[ErM'PMAI

Paper TMs 30
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I
3.8.4 Performance Measures and Quantitative Data

Data cited in the following paragraphs wre collected throughout the test. All maintemnce actions3 were divided into seven sequential Intervals to accommodate collection of performance times.

S3.8.4.1 iDfinitions of Test Intervals

3 a. Preparation Interval. Started when subject (while in the Work Center) was handed the
VIDS/MAF describing the symptomr it ended when he arrived at the akcraft with his collected

3 resources.

b. Fault-Iolation Interval, Started when the Technician arrived at the aircraft; it eded either when5 he announced the correct cause of the fault syrptonom (i.e., identified the faulty WRA) or when
the pre-established maximum time limit was reached.

3 c. Wire-Repair or WRA-Removal Interval, WRA Removal started when the Technician

announced the comet cause of the discrepancy; it ended wvhen the removal procedure had been3 Ifound and very briefly reviewed with the Technical Observer. (The Technical Observer told the

Technician to assume that the repair had been done).

3 V.Mre Repair started whv n the Technician announced the cause of the discrpacy, it ended

when the wire-repair procedure had been found and very briefly reviewed with the Technical

SObserver. CThe Technical Observer told the Technician to assume that the repair had been done).

d. Parts-Ordering Interval. Started when the Repair/Ramoval review was complete; it ended when

the appropriate portions of the VIDSiMAF were complete.

e. Reinstallation Intervals started when the Parts-Ordering portion of the VIDS/MAF was complete;

it ended when the reinstallation procedure had been located and reviewed very briefly with theg Technical Observer, (As with Interval c., the procedure was assumed.)

f. System Health--'eck Interval. This Interval was carried out to determine the fault status of the

aircraft; i.e,, fault-free if the Fault-Isolation procedure was correct. It was usually a shortcut check

accomplished by the Technical Observer. It started when the review of the Reinstallation or

Repair was complete; it enled when the results of the Check were announced by the Technical
Observer.

g. Maintenance Close.Out Interval started when the positive (fault-flre) Health-Check results were

anounced; it ended when the Technician had completed all entries in the VIDS/MAF.

1 31
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3.8.4.2 D= Collected

For completeness, performance-time data w=re collected for all seven Test Intervals, but due to the
simulated nature of parts of the Wire-Repair or WRA-Removal Interval, the Reinstallation Interval, and
System-Health Check Interval (necessary to assure continuity of the entire maintenance process), only the
data from the Preparation, Fault-Isolation, Parts-Ordering, and Maintenance Close-out Intervals are

reported and analyzed in this report. Specifically, the following data are presented and analyzed:

a. Preparation-Time Interval - The elapsed time from the initial receipt of the VIDS/MAF to the

time the Technician arrived at the aircraf with all tools and resources.

b. Fault-Isolation Interval - The time required to perform diagnostic and testing actions, e.g., time 3
from arrival at the aircraft to the time when faulty WRA was identified (or the time limit was

reached without selection). 3
c. Parts-Ordering Interval - Time required to fill out the parts-requisition form. This Interval

started immediately upon identifying the faulty component and ended when the parts requisition 3
form had been completed. (Data of this type wre collected only for the Relay Tests.)

d. Maintenance Close-Out Interval - The elapsed time, to obtain and enter the data required for the

VIDS/MAF.

e. Overall Time to Maintenance Completion - The total time required to complete the processing,

consisting of all four actions (cited in a. through d., above).

f. Failure to Identify the Fault (Fl) - Technician's failure to identify the failed component.

g. False Removal (FR) - An incident in which the Technician recommended the removal of a non- I
faulty component erroneously believing it to be the cause of the fault symptom.

h. Procedural Errors - The number of procedural errors, such as misinterpretation of the TI or
improper use of the test equipment.

i. Total Errors - The total number of Failures to Identify Fault, False Removals, and Procedural

Errors. I

3.8.5 Descriptive Measures !

Analyses wre performed on data collected from the Biographic Data Sheet, User Evaluation
Qjestionnaire, and Structured Interview.
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I
The biographic data deternined the extent to which the Technician participants assigned to the two

levels of experience differed on such variables as:

&a Current enlisted pay grade.

b. Years and months of aircraft maintenance experience in general.

5 c. Years and months of aircraft maintenme experience on the FCS.

d. Number of enlisted occupational specialties held.

3 e, Previous computer usage.

These analyses indicated that the two groups were significantly diffewrt in levels of maitenac

i experience.

Responses to the first three sections of the User Evaluation Questionnaire were analyzed both
numerically and qualitatively.

3 In the numerical analysis, mean ratings wre computed for items related to:

a. Physical features of the IMIS PMA.

I b. Its operation and softwre features.

c. The relative efficiency and effectiveness of the IEIM compared to paper manuals. Further, the

Sopen-ended comnments provided in the final section of the questionnaire vme examined as possible

explanations for unifonmly low ratings, and to identify suggestions the test participants had for

i improving the PMA used in the test.

Content analyses of test participants' responses to the stctured-interview items concentrated on

identifying and categorizing those aspects of the IEIM/PMA operations and usage that may require

corrective action or further RDT&E. In addition, analysts noted those features of the IEMT/PMA that5 wre particularly liked by the test participants aid supplemented tiem with impressions of the test team
members where appropriate.

I
I
!
I
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4.0 RESULTS

This Section describes the findings of the field test of the F/A- 18 IEIM/PMA combination. The data I
include:

a. The quality ofTechnician performance while using the IEN/PMA as compared with perfornmnce

using conventional paper Th~s. 3
b. Technicians' comments gatheed during the various debriefmgs and interviews,

A discussion (section 5) follows the presentation of each of these sets of findings. I
4.1 PERFORMANCE RESULTS 3

This section presents the performance-effectiveness findings imluding:

a. Perfommne times (P tion, Fault-Isolation, Parts-OrderaigMntera= Close-Out Intervals;

and Overall Total), .

b. Errors (Procedural Errors, Failures to Identify Fault, and False Removals).

4.1.1 Performance Times I

£
4. 1. 1.1 Perfortiac Times for the lre2=ion Interva

The Prepaation Interval started when the data collector handed the VIDS/MAF in either paper or

IETM form (i.e., displayed on a PMA) to the Technician; the Interval ended when the Technician (having

assembled all tools, 7I1, and materials needed for the test at hand) arrived at the aircraft. Table 4 shows

the mean Preparation times by experience level, by fault type, and by presentation medium. Figures 3
and 4 show perfornancc times for this Interval, with comparisons based, respectively, on the two

experience levels of the Technicians, and on the two types of medium. For tests in wtich fETls were

used, the Technical Information required had already been fully loaded into the PMA (by the Work-Center

staff, prior to, or as part of, the assignment of the Technician to the Fault-Isolation task), but for tests

34
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I
FIGURE 3

COMPARISON OF PERFORMANCE OF INEXPERIENCED TECHNICIANS
WITH THAT OF EXPERIENCED TECHNICIANS.

(AVERAGE PERFORMANCE TIMES IN MINUTES REQUIRED; ALL TESTS) 3
RELAY TESTS 5

6.88

3.75 3,88

XP. IN E XP.

ZETM PAPER -~I
CND TESTS7.

i - 3,88 4.25 4.4

::IN E XP. IN E XP.

SINTM PAPER

MULTIPLE TESTS

7_ 8.44

312.38 2.253

,IN2 XP.

13TH PAPER

I
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FIGURE 4

Comparison of Performance of Technicians Using IETMs with that of
Technicians Using Paper TMs, for Preparation Interval

(Average Times in Minutes Required; All Tests)

I RELAY TEST
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* 2,150 2.13 U Piper
I2.00 

0ET
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0,50
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5.00 U PaperS•I°4.00
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II
using paper TMs, the time required to locate the appropriate paper-based TI was included in the

performance-time record. Thus, the Preparation-Interval measurement was designed to assess Technicians'

time required to assemble paper-based TI for an assigned task: [Timegpaper) - Time(IETYM] = Time to

assemble paper TI, which is the primary time-consuming effort in this short Interval.

Table 5 shows the averaSe ratios of Technician performance times for the Preparation Interval with 3
IETM use to those with paper-TM use. Note that in every case this ratio is less than 1; i.e., for this

Interval, use of IETMs decreased perfomance times for all combinations, by the factors shown. 3

4.1.1.2 rf e Times for Fault h o• !

The Fault-Isolation Interval started when the Technician arrived at the aircraft and ended when the 3
Technician announced his finding: e.g., "This is a CND". Table 6 presents mean performance times for

this Interval by experience level, by fault type, and by type of TM used. Figures 5 and 6 show 3
performance times for this Interval with comparisons based, respectively, on the two experience levels of

the Teclnicians and on the two types of medium. Table 7 shows the ratios of performance times for the 3
Fault-Isolation Interval with IEIM use to those with paper-TM use. I
4.1.1.3 P-'3rmance Tims for Pats Oderina

The Parts-Ordering Interval commenced when the Wir-Repair or WRA Removal Interval had been

completed (see section 3.84) and ended with the cempletion of the Parts-Ordering form. (Parts Ordering

was not performed for the CND tests). 'fable 8 presents the mean performance times for the Parts-

Ordering Interval by fault, by experience level, and by medium. Figures 7 and 8 show perfomance times I
for this Interval with comparisons based, respectively, on the two experience levels of the Technicians and

on the two types of medium. Table 9 shows the ratios of performance times for the Parts-Ordering I
Interval with EM use to those with paper-TM use.

I
I
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TABLE 5
Effect of Using IETMs Instead of Paper TMs

In Preparation Interval (All Tests)

I AVERAGES OF INDIVIDUAL RATIOS OF
PERFORMANCE TIME (IETM)
PERFORMANCE TIME (PAPER)

for each technician

_ _ _ _....._ RELAY TESTS
Experienced Technicians 0.703
Inexperienced Technicians 0.770

____ ___ ____ ___ ___ ____ ___ __ ND TESTS1 E Experienced Technicians 0,601
Inexperienced Technicians 0.477

MULTIPLE TESTS
Experienced Technicians 0.480
Inexperienced Technicians 0,436

1
1
I
1
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I• FZGIZ 5
Comparison of Performance of Experienced Technicians with that of

Inexperienced Technicians, for Fault-Isolation Interval

(Average Times in Minutes; All Tests)

i RELAY TEST

5 60.0

50.0 44.6 5. EXPERIENCED

40.0 40. INEXPERIENCED
S30.0

I20.0

I 0,010,0

iIETM Paper

OND TEITS

5 80,0

3 42.4

40.0 36.4 -- 17 EXPERIENCED

30.0C INEXPERIENCED

3 20.0

10.0

IETM Paper

1 MULTIPLE TESTS

SI100.0 9O,.0

p0,0 76.3 EXPERIENCED

S70.0 04.6 6l INEXPERIENCED50,0 480,

50,03I 40,0
2o0.0

20.0

* ~~~10,0 _ _ _ _
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FiROUR 6

Comparison of Performance of Technicians Using IETMs with that of
Technicians Using Paper TMs, for Fault-Isolation Interval

(Average Times in Minutes; All Tests)

RELAY TEST I
000 

50
50.0 44.6 EITM

40.3 30,4 3
30.0

20.0 U
10,0

0.0 .. .... i
EXPERIENCED INEXPERIENCED

CND TESTS

60,0 3
51.3

60,04,44,

40,0 38.4 42IETM

20, -Lp'!P' I
30,0

10.0

10,01

EXPERIENCED INEXPERIENCED

MULTIPLE TESTS i
100,0 90.6

s0,0 7613

70.0 64,8.0.60,0 40,3 ,IETM
580,0
40.0

30.0
20.0
10 .0
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TABLE 7
ST EEffect of Using IETMs Instead of Paper TMs

In Fault-Isolation Interval (All Tests)

I AVERAGES OF INDIVIDUAL RATIOS OF
PERFORMANCE TIME (IETM)

3PERFORMANCE TIME (PAPER)

3 for each technician"
I : t(IETM)I

n 8 t(PAPER)i

___RELAY TESTS
Experlenoed Technicians 1.015
Inexperienced Technicians 0.923

CND TESTS
E xperienced Technicians 0.633

1 Inexperienced Technicians 1 0.880

S_ _ _ _ _ _ _MULTIPLE TESTSIExperienced Technicians 0.9063 Inexperienced Technicians 0.736

I Note that the above ratio is not, in general,
equal to:

tI r"(IETM)I

3 Sn

I t .(PAPER)I

I
I 4



TABLES 8

TIMES (MINUTES) REQUIRED FOR PERFORMANCE OF PARTS ORDERING
(PARTS-ORDERING INTERVAL; NOT APPLICABLE TO CND TESTS)

TECHNICIANS RELAY MULTIPLE

ZEXIBRIENE EmI Mape hIm a
SI1 5 23 0.217 12 21 0.571
S2 11 24 0.458 9 9 1.000
S3 12 13 0,923 7 17 0.412
S4 7 6 1.167 12 33 0.384
S5 6 3 2.000 8 22 0.364I
86 6 9 0,667 9 27 0.333
87 4 7 0.571 10 26 0.385

S12 5 8.6 0,588 8 29.6 0.271
AVERAGE: 7.00 11.69 0.824 9.3f 23.06 0.482

INEPRIEi~ItI EmM BAW Imm PamMr
so 5 34 0,147 16 26 0,615
810 7 16 0.438 14 29 0,483I
Sil 10 5 2.000 13 20 0650
813 13 12 1.083 10 14 0,714
S14 6 11 0.545 18 17 1.059I
Sle 8 12 0,687 10 22.5 0,444
817 10 22 0,455 10 36 0.278
SIB 15 20 0.75 16 35 0,457
AVERAGE: 9.25 165 0.761 1338 24.94 0.58B
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FIGURE 7I Comparison of Performance of Experienced Technicians with that of
Inexperienced Technicians, for Parts-Ordering Interval5 (Average Times in Minutes Required; Relay Tests and Multiple Tests)
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FIOURU S
Comparison of Performance of Technicians Using IETMe with that of

Technicians Using Paper TMs, for Parts-Ordering Interval
(Average Times in Minutes Required; Relay Tests and Multiple Tests)
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TABLE 9
5Effect of Using IETMs Instead of Paper TMs

in Parts-Ordering Interval

I AVERAGES OF INDIVIDUAL RATIOS OF
PERFORMANCE TIME (IETM)

PERFORMANCE TIME (PAPER)

for each technician

I _RELAY TESTS
Experienced Technicians 0.824
Inexperienced Technicians 0.761

MULTIPLE TESTSI Experienced Technicians 0.482
Inexperienced Technicians __,,,_0.588

I
I
I
I
I
I
I
I
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U
4.1.1.4 P 3e e Times for -Close-Out Intmzl

The Maintenance Close-Out Interval started wMen the Technician had completed a System-Health

check (or with the declaration of a CND status for CND faults) and ended Miien the Close-Out portion 5
of the VIDS/MAF was complete (see section 3.8.4). Table 10 presents the mean performance times for

this Interval by fault type, by experience level and by medium Figures 9 and 10 show performance times
for this Interval with comparisons based, respectively, on the tvo experience levels of the Technicians and

on the two types of medium. Table I I showa the ratios of perforamnce times for the Maintenance Close- 3
Out Interval with IFM use to those with paper-TM use. 1
4.1.1.5 vetallPformance Times

The Fault-Isolations that the Technicians =re asked to perform included seven task Intervals; the

Overall (total) Performance Time is the sum (for each Technician) of the times for four of these Intervals 3
(Preparation, Fault-Isolation, Parts-Ordering, and Maintenance Close-Out). See sections 3.8.4.1 and
3.814.2. Tables 12-17 present the Overall performance times for cah of the four Intervals analyzed and 3
the Overall times for the total test sequence: by fault type, by experience level, and by medium

Figures II and 12 compare Overall performn times, with comparisons based, respectively, on the twM 3
experience levels of the Technicians and on the two types of medium Table 18 summarizes Overall test

performance times with IEIM support and with paper-iM upport for each test type and provides the 3
performance-time ratios for each Technician. Table 19 summarizes th, ratios of Overall performance time

with IETM support to that with paper-TM support. 3
I

4.1.2 Performance Eror

Performance earors made by the Technicians are of three types: U
a. Procedural Errors. 3
b. False Removals (removal of good components thought to be faulty).

c. Faiturs to Identify the Fault, or to identify the problem as a CND (Failure to Fault Isolate)

Nmnbers of each typc of em)r me presented in the following sections, and summarized in Table 20, I

48 1
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FMOMRE 9

Comparison of Performance of Experienced Technicians with that of
Inexperienced Technicians, for Maintenance Close-Out Interval

_ (Average Times in Minutes; All Tests)_
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4.00 0- EXPERIENCED

3.50 3.13 13 INEXPERIENCED

3.00

2.50

2.00 1.94

1.50
1.00

0,00 -

IETM Paper

CND TESTS I
4.50 4.08 4,10 3
4.00
4,00

3,50 3.38

3.00 2.81 El EXPERIENCED

2 ,1O [] INEXPERIENCED_

2,00

1.50

1.00 I
0.50

I ETM Pper

MULTIPLE TESTS

4,00 8.63 8.56

8.00 F EXPERIENCED 3
7.00 0l INEXPERIENCED

5.00

4.00

3.00 2.31
2,00 1,50I

1.00

0.00 ..... - __....... ._ _1

IETM Paper
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FIGURE 10

Comparison of Performance of Technicians Using IETMs with that ofU Technicians Using Paper TMs, for Maintenance Close-Out Interval
(Average Times in Minutes; All Tests)

I RELAY TEST

5 B.00 4.03

4.50 4.13

4.00 O IETM1 3.50 3.13 Paper

3.00

2.5052.00 10
1,0
1.00

.050
0.00

EXPERIENCED INEXPERIENCED

I CND TESTS

I450 4.05 4,10

3,50

3.00 2.1 1IETMVj2.50 0 Paper

2.00

1.50

1.00

0.50

0.00 -------4

EXPERIENCED INEXPERIENCED

I MULTIPLE TESTI

9.00 8.5618.00 11 IETM 7
7.00 0 Paper

6.00

8,00

4.00 3.63

3.00 2.31I 20 150
2.00

1.00 -___4

EXPERIENCED INEXPERIENCED
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TABLE 11
Effect of Using IETMs Instead of Paper TMs

in Preparation Interval (All Tests)

AVERAGES OF INDIVIDUAL RATIOS OF
PERFORMANCE TIME (IETM)

PERFORMANCE TIME (PAPER)
for each technician

IIIIIIRELAY TESTS
Experienced Technicians 0.563
Inexperienced Technicians.1 0.839

CND TESTS I
Experienced Techniclans 0,640
Inexperienced Technicians 1._ ,011

MULTIPLE TESTS U
_______ To°,,,.o.o _ I

Experienced Technicians 0.199
Inexperienced Technicians 0.271

II

II
II
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TABLE 14I TOTAL TIMES REQUIRED FOR CND TESTS USING IETMa
(ALL TECHNICIANS)

ITECHNICIANS IN T ERV ALS8 TOTALS

__________FAULT- MAINTENANCE

61 14 55 2.5 71.50IS2 2 36 5 43.00
S3 3 51.5 5 59.50
S4 3 48 4 55.00

so 3 26 1 30.00
S 7 2 22 3 27.00
812 3 43 1 47.00

AVERAGE TOTAL, EXPERIENCED TECHNICIANS: 45.13

____________ FRPRTINIOAUT-O MAIN -OTEAE

S10 3 56 3 62.00
811 2 52 2 56.00
813 1 40 5 46.00
814 2 28 1 29.00
sic 1 46 1 48.00
S17 3 39 3 45.00
S18 2 25 5 32.00

AVERAGE TOTAL, INEXPERIENCED TECHNICIANS: 47.88

INote: The CND Tests did not Include a Parts-Ordering Interval.

I1M.X



TABLE 15
TOTAL TIMES REQUIRED FOR CND TESTS USING PAPER TMs

(10 TECHNICIANS)

N ICIIN I N T E OALS

_______FAULT- MAI NTENANCE"I

S2 a 38 5480
S4 4 60 3 67.00U
S5 5 52 5 62.00
86 3 68 3 74.00
S7 5 41 450.00

AVERAGE TOTAL, EXPERIENCED TECHNICIANS: 60.20

__________FAULT- MAINTENANCE
- ERIEPARATI ~QIOLAQN CLQ§EUI
8111 4 31 2 37.00
813 2 46 2 50.00I
814 7 41.5 4.5 53.00
S17 5 82 a 73.00
SIB 4 42 6 52.00

AVERAGE TOTAL, INEXPERIENCED TECHNICIANS: 53.00

Note: The CND Tests did not include a Parts-Ordering Interval,

N X
10 NE I



TABLE 163 TOTAL TIMES REQUIRED FOR MULTIPLE TESTS USING IETMs
(ALL TECHNICIANS)

3I TECHNICIANS -1 N T E R V A L 8- TOTALS,

_________FAULT- PARTS- MAINTENANCE3EXPERIENCD R BEPARAIONt ISO~LATIN ORDEING CLOSE-UT __

SI 2 51 12 1 68.00
$2 2 55 9 2 68.00

832 027 1 112.00
84 3 45 12 1 61.00
SB 1 26 8 1 36.003so 2 84 9 1 76.00
87 5 71 10 2 88.00

812 2 44 a 3 67.00
AVERAGE TOTAL, EXPERIENCED TECHNICIANS; 70.50

_________FAULT- PARTS- MAINTENANCE

so 4 55 16 4 79.00
810 2 71 14 1 88,00I811 2 65 13 3 83.00
813 4 56 10 3 73.00
814 2 59 18 0.5 70.50I861 47 10 4 62.00
S17 2 39 10 1 52.00
818 1 90 16 2 109.003AVERAGE TOTAL, INEXPERIENCED TECHNICIANS: 78-19
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FIGURE 11

Comparison of Performance of Experienced Technicians with that of
Inexperienced Technicians, for Total TesL Performance Times

(Average Total Times in Minutes Required; All Tests)

RELAY TEST
80 0 78.8

70.0

60859.6 CiEXPERICISCED3 ooo 51.4 INEXPERIENCED j

140.0

I 30.0

20.0

10.0

0.0-
o -o IETM P up~er

CND TESTS (No Parts Ordering)

I 70.0 0,2

60.0 57.0
150.0 4_1_7,

o45.1 49 EXPERIENCED

40.0 E[ N~xPERir.NCE0

I 20.0

10.0

I-0.0 -I IETM Paper

I MULTIPLE TESTS

140.0 130.5

120.0 114.9 El EXPERIEhNCED

100.0 I ,NEXPERINCEEj

78.2solo 7U.5 ,
60.0

40.0

20.0

0.0 -.0-
I EETM Paper
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FIGURE 12

Comparison of Performance of Using IETMs with that of
Technicians Using Paper TMs, for Total Test Performance Times

(Average Total Times in Minutes Required; All Tests)

RELAY TEST

80,0 73.8

70.0

60.0 6 . P[ per 3
50.0- - . . ..

40,0

130.03

20,0

10.-0 L _ _ __ _ __ _ _

EXPERIENCED INEXPERIENCED

O N D T SE 8 T (No Parts OrderingI

70,0 I
0.0 602 47.51 O-

40.0 • Pp

20,0

10,0

0.0 EXPE . :NCED INEXPERIENCED

MULTIPLE TESTS I
140.0 130.5

120.0 114.8 1 IETMU100,0 Clas Pper

0. 80,0 70.5 79.2 -. . I

40.0
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I
TABLE 19

Effect of Using IETMs Instead of Paper TMs
on Total Test-Performance Times

SUMMARY OF RATIOS OF
INDlVIDTJAL TECHNICIAN PERFORMANCE TIMES

FROM TABLE 18 (ALL TESTS)

ExrEerlenced Technicians 0.863
Inexperiencred Technicians 0.882

___________ CND TESTS
Experienced Technicianm 0.823 3
Inexperienced Technicians 0.734 1

__ITIPLE WESTS

Experenced Technicians 0.69
Inexperienced Technicians 0.639

II
I

I
I
I
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4.1.2.1 EtouaLError

A Procedural Error is defined as a serious misuse of the procedures, e.g., technician may perform a

test on the wrong pin and, as a result, branch to an improper sequence. Table 20 presents the number of

these types of errors as a function of technician experience level, of fault type, and of medium.

I
4.1.2.2 Success insolating the Fault

The IETM/PMA medium was used to support Fault Isolation in 48 cases; the paper medium was used

in 47 cases. (One of the tests involving a paper TM [Technician S10, CND test] was voided because of 3
a test protoc4Al crur.) In the Relay and Multiple Tests, all Fault Isolations were successfully performed

by both Expedenced and Inexperienced Technicians with both TI media. For the CND tests, the correct

result was a determination that the symptoms presented could not be duplicated: using the IETM/PMA

combination, all Technicians arrived at the correct result; with paper TMs, three of the Experienced 3
Technicians and two of the Inexperienced Technicians failed to arrive at the correct result. Thus, there

were a total of 5 failures to Fault-Isolate out of 95 tests, dll using the paper TM 3

4.1.2.3 Ease mvvas

In Fault Isolations and Corrective Maintenance, a False Removal is declared when a technician 3
replaces and then sends to the Intermediate Maintenance Activity (lMA) a part he believes to be faulty

but in fact testing at IMA shows the part to be good. During this Test, when a Technician identified a 3
part that he believed to be the cause of the fault but in fact was not, the technical observer "simulated"

the replacement and told the Technician to proceed with usual practice, e.g., a "System-Health Check". 3
Of course, the check showed the same symptom; whereupon the technical observer declared a False

Removal and the observer directed the Technician to resume troubleshooting, IE1M/PMA users and the 3
paper TM users conmmitted 3 False Removals each. The incidence of these False Removals is shown on

Table 20. 3

I
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1 5.0 EVALUATION OF PERFORMANCE RESULTS

I
5.1 GENERAL CONSIDERATIONS

As stated in section 1, this field test w carried out to evaluate a number of innovations in MElM

3 technology which have been developed and evaluated in the laboratory under the USAF IMIS program

(see section 1.3). The final assesmment of any such technological advances depends, of course, on their

I use by active technicians at an operational base using operational aircraft. Meures of their effectiveness

in the field, as noted In section 4.1, are:

Sa. Comparisons of (1) times required to carry out specific Fault-Isolation tasks supported by an

IE with (2) performanc timas when the same technician (or one with similar ewqrienre)
carries out the am type of Fault-Isolation task using a paper TM for support of his effort,

b. Comparison of (1) number of errors occurring when the technicians are supported by WEIThs with
(2) the number of emrs occurring when the technicians are supported by paper TWs.

3 Additionally, in evaluating the usability and operational suitability of such innovations, a careful
recording of technicians' reactions is critical. Thus, even though a given approach may be made to work

I in the field (in a specific test), it must be abandoned or modified if it nmkes the technicians' job
significantly more difficult, or signifficantly inicreases training reureet, Moreover, such cominmts

are of great importance in pointing out approaches to improving the processes and design of the processes
under evaluation.I

3 5.1.1 Summary of Previous Test Rults

As noted, previous field tests performed by the Navy and Air Force, with a variety of hardware

systems, have consistently shown significant improvement in technician performanc wh= TI was

displayed in IEM form. In every case, techniciams w overwhehningly in favor of the IEIM approach
as compared with the use of paper This, even though, in every case, a number of criticisms and proposals
for improvement of the M r we provided .
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Qualitatively, the following principles vwre demonstmted by these tests:

a. Improvernat in performance was greater for inexperienced technician than for experienced

technicians. I
b. Improvement in performance was greater for more complex systems procedures (e.g., Fault

Isolation) than for simpler, more straightforward procedures (e.g., a simple remove-and-replace

Comrective-Maintenance action).

Consequently, the data have been displayed in section 4 to compare the effects of adopting IETMs I

as a function of technician experience. I

5.1.2 Limitations on Interpretations of Rmults I
In essentially all populations of test subjects, there ver one or two subjects whose prformance was

mimh worse than the rest, and one or two whose performmnce was mmh better ta the rest. Such
atypical competence is, of course, comrn in real situations. In the present tests, to make behavior of

this type more visible, each individual result of each of the 16 Technicians has been displayed for each

of the six tasks performad. Average performance tinms for each group also have been displayed, but the

wide distribution nted in this limited population, although conclusive in dennonsating overall

imovement in performance, calls into question the validity of using these data in a statistical or
quantitative sense for predictive purposes,

Similarly, of course, the diffar e in the types of tests perfonnud, in the types of faults introduced, I
in the quality of the IEI1M material prepared for each test, and in technician experience, makes impossible

the use for general predictive purposes of data averaged over more than a single test group (with its umique

combination of technician experience, test type, test interval, and redium).
I

5.13 Summary of Technician Performace U
The most significant test Intervals we the Fault-Isolation Interval and the Parts-Ordering Interval.

Tables 16 and 17 show the fractions of total test time occupied by these test-interval tirme, for all test a

subj.ts and for all tct.

661
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S. 1,3.1 Relative Fault-Isolation Effectiwenes

I For the Fault-Isolation Interval, Table 6 shows relative performance times of Technicians using

iElE11s as compared to those using paper TAs, for each test group.

In every case, performance times wr reduced by the introduction of IEIMs, except for the group

i of Experienced Technicians performing the Relay Tests, in which performance times were essentially equal

for the tw media The relative performance times for the two media for all test groups are displayed in

I Figure 5. Note that for Inexperienced Technicians, introduction of IETMa reduced Multiple-Test Fault-

Isolation time by about one third.

I Figure 5 shows that in four of the six test-type/medium combinations, Experienced Technicians

performed the troubleshooting assignment in less time that the Inexperienced Technicians; but in

I performing the CND tests with paper Ths, Experienced Technicians took about 16% longer than did

Inexperienced Technicians,

I 5.1.3.2 Pmt.nirn5... Relative Rl-reigEffacvey=

It is noted that for the Parts-Ordering Test Interval, the performance times consisted of the times
required to locate the information needed to order the pults and to complete the appropriate section of the

VIDS/MAF form. However, in the case of the IETMNPMA combination, the time involved in the

automated completion of the form was sufficiently brief and constant, as compared with the time required

to assemble the information, that it was not reported. In the case of the paper-TM, the formpreparation

portion of the Parts-Ordering Interval (which was included in the recorded Parts-Ordering performance

times) was a significant part of the overall time required. Any direct comparisons of perfonra= time

should, therefore, be made with this factor in mind.

3 For the Parts-Ordering Interval, Table 8 shows that averag• performance times were decreased in

every case in going from papMe Ths to IETMs.

I In the case of the Multiple Tests, Table 8 shows that average performance time for Experienced

Technicimas was reduced by more than 500.

I

I



5.2 TECHNICIANS' RATING OF EFFECTIVENESS OF IETM/PMA FEATURES

As described in section 3.8. le, all sixteen Technicians (eight Inexperienced and eight Experienced),

after test performance, filled out User Evaluation Questionnaires in which they rated the effectiveness of

various features of the LErM/PMA combination. The forms used are reproduced in Appendix D. Features

rated were of two types:

a Physical Features of the IUaM/PMA Combination (15 Items). [See setion 5.2.1]

b. Software/Operational Features (25 Items). [See section 5.2.2] 1
Each of these features was rated by each Technician wac ding to the scale shown in Table 21. 3

TABLE 21. Rating Scale Used in Technicians' Evaluation ofI

IETM/PMA Physical Featum and Softwae/Operational Featurm

Scale Vfue e

0 Unsatisfactory

1 Mablub

2 Sa ettory

3 Mhy Satibetory

4 Outstanding
Can't Evaluate

I

Technicias' ratin were averaged separately for the Inexierieined Group and for the Experienced I
Group. Thus, an average rating of 0 would imply that all the nrubars of the roup found the particular

feature Umatisfactory, the lowst possible rating, whereas a rating of 4.0 would indicate that all

Technicians found the feature Outstanding, Technician responses vwer, of course, subjective, but were

based on Technicians' opinions a to the suitabilty of a given feature in contributin to the Fault Isoladon

and Maintnance reporting tasks they had just perfomed
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3 5.2.1 Physical Features of the IETMIPMA Combination

Table 22 presents ratings (scale value averages) for the 15 Physical Features of the [EIMVPMA
which were evaluated.

3 Table 23 summarizes the distribution of ratings for Inexperienced and Experienced Technicians for

the 15 features evaluated

U Note that all features ere rated at Iemt SWfacl by all Technicians, with 67% (by Inexperienced)

and 87% (by Experienced) rated as Highly Satisfactory or between Highly Satisfactory and Outstanding.

The lowest rated features (between Satisfactory and Highly Satisfacory) were:

i 4, Ease of positioning/repositioning PMA at worksite 2.75/3.0.

9. Response tine after key press 2.125/2.375

10. Appropriateness of function keys 2.87/3.0

S14. Glare on display screen 2.625/2.71

15, Key pressure resistawncsensitivity 2.625/3.125

I Dissatisfaction with these features (amplified by Technicians' oral and written comments) clearly

indicates the need for the norporation of functional imtrovements in certain features of the IETM)PMA

design.

SResponse time (Feature 9) was on occasion as high as 5-8 secnds. Dissatisfaction with such a delay

tim in displaying of the ned screen has been expressed on all previous field tests, but the incorporation

3 of other functional impvements in the version of the hardware and software used during this test

unfortunately failed to correct this condition. Resose-time specifications for an IEIMM PMA

3 combination require response (fMll display of next screen) in no greater than 1 second

The Glare rating referred to use of the iUquid Crystal Display with the backlighting tumed off. A

3 position switch which provided screen backlighting eliminated the problem Data wsre taken with screen

lighting on or off, as considered desirable by the individual technicians.

I
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3 5.2.2 Softwamr-Opratlonal Features of the IETM(PMA Combination

3 Table 24 presents the averaged ratings for the 25 IE1M/MA Sofwar/Opem/tiona Features

evaluated.

5 Table 25 summarizes the distribution of ratings for Inexperienced and Experienced Technicians for

the 25 features evaluated.
JAll features Amr rated At 1= %fdd with 72% of themn rated as Htighly Satisfac-tory or

Sbetween HIghly Satisfactory and Outstanding, by both Inexperienced and Eqeriemced Technicians.

I The features rated lowest (Satisfactory or between Satisfactory and Highly Satisfactory)

3 by both groups of 'recnicians were:

22. Ease of moving cursor with arrow keys 2.87/3.25

24. Ease of moving curor with thumb knob 2.00/2,50
,I II 25. Ease of retumning to appropriate place in a set of

3 procedures after branwhing elsewhere in data base 2,00/2,50

27. Appropriate number of procedural steps per screen 2.87/2.625

29. Scrolling ficwtion availability 2.875/2.86

1 30. Scrolling mode (hard key) 2.875/2.83

3 31. Scrolling with arrow keys and SELECT key 3.00/2.86

35. Cursor visibility 2.75/3.125

38. Ease of accessing locator diagrams 3.25/2.875

1 40. Adequacy of wiring diagram 3.105/2.875

* 71
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Although, as noted, all oif these featurs wr rated at least Satisfactory, Technicians wre less I
enthusiastic about the following aspect. of he IEMT/PMA combination than they %v-re about other

IETM/PMA softw ope/oa1,itonal factors: U
a. Cursor operation (22, 24,35). Careful attention will be given in fuiture PMA denigs to cursor 5

configuration and operation to improve this aspect of the PMA operation.

b. The Scrolling function (29, 30,31). The introduction of a scrolling function into a small PMA 3
is a difficult design problem, both from the stndpoint of the mechanics to produce the scrolling

and from the standpoint of satisfactory display (e.g., of drawings or diagrams too large for single-

screen display). Work is being carried out both on improvement of scrolling itself, and on the
development of display methods which will obviate the need for scrolling altogether.

c. Special aspects of ITM design (27, 38, 39). These ratings, together with a number of oral

comments concerning various aspects of the quality of the displayed Technical Information,

indicate the need for improvement of Ii quality as it relates to small-screen display, especially

in the areas of graphics and text-raphics interfaces. At this time, there appears to be a trade-off

between the extent of the use of automation in preparing the TI (a number of approaches to 11

automation were field-tested for the first time during this test) and the user-f'iendliness of the

finished lETMi The IM-preparation process must be refined to optimize IEMU utility, even 5
at the cost of more complex automated preparation techniques or less autonated procedurs

requiring greater author involvemenit in the process.

d. Ability to return to a specific point in the procedure after bruching (25). (In spite of this

relatively low rating, no comments concerning this featu re made during the oral debriefing

sessions.) This capability will be reviewd to determine whether problems exist in this function

as designed; i.e., whether the PMA fails to return, or returns slowly, to its prebranch point on 3
request. n~lU•.

5.3 EVALUATION OF KEY ELFAMEWI OF THE ITWM COMBINATION 3
This Section sumw technical evaluations report by both Test Observers and Technicians on

various aspects of the IEIM/PMA design and operation. I

7
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3 5.3.1 The BIT-IETM/PMA Interface Using the 1553 Bus

The BIT-IFIM/PMA interface allows the technician to use the PMA to interact with and control the
F/A-18 BIT for the Flight Control System. This BIT control capability requires the technician to install

an electrical cable connecting the PMA to the aircraft's 1553 multiplex bus, During the test, the main uses

of this capability involved the Memory Inspect (MK) and Test Group (TG) procedures.

3 Two bases ere mued to evaluate this direct BIT access capability of the PMA:

Sa. Test-observers' evaluations of its effectiveness during the 48 Fault-Isolation tasks in which it was
used.

3 b. Technicians' debriefing comments on the IEIM/PMA-BIT interface.

U
5,3.1.1 Summar.of Observers'Ev~aluations

1 The LEIM/PMA control of BIT worked well throughout the test, including the hookup and operability

test as well as its use in conducting TG and Ni1 procedures. The following occurrence is an exaiple of

its utility: One of the Fault-Isolation procedures called for a particular TG procedure whose outcome

should have been a particular BIT Logic Inspection (13LIN) code, However, after BIT ran the TG

procedure coninwxled by the IM'M4 A, the PMA displayed a BLIN code different from the expected

one, Suspecting a problem with the EIM'PMA or the 1553 interface, the interface was disconnected and

the TG procedure was renm using the aircnif's DDIs and FCCs (neither the PMA nor its interface with

BIT was active). The test result without the PMA/1553 interface was the sane as with IETM/PMA/1553

Sinterface meaning that the aircraft had a non-test fault (an activator failure) and the IErN/FMA, working

with the FCS's BIT through the 1553 interface, had detected it. Instances of a similar nature occurred,

3 involving generator overheat and pin damage in cable connectors. These instances are interpreted as

evidence that the BIT-I 553-IEIMIPMA interface provided valid results.

I
I
I
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5.3.1.2 Summar of Technicians' Debriefing Co mmI

Technicians' overall opinion of the 1553 interface was positive although some suggestions A=r made

for improvement. (Technicians' comments on all phases of the Test are presented in detail in

Appendix.) I
a. The positive aspects included:

(1) Data displays ere more readable, and less cluttered on the PMA than on the aircraft's DDIs, I
(2) Automated assessments of Mowry Inspect numbers were far easier and far more accurate 1

than the manual assessrents.

b. Negative aspects included:

(1) The electrical cord was an fipedirm to Technician mobility. 3
(2) The process via the PMA/BIT interface was slower than the direct manipulation of cockpit

controls.

(3) Information to be comptred was displayed on two screens introducing unnecessary difficulty. 3

5.3.2 The Portable Maintenance Aid (PMA)

A Human Factors review of the PMA hardware raised 24 issues regarding the Pi, k design. The

more troublesome issum are noted below.

a. It is difficult to move the cursor among non-aacent, non-aligned areas.

b. Them are too many nvthods for moving the cursor and pointer. U
r. The utility of user-conrollable font size is questionable. 3
d. Viewing angle is restricted by the PMA bezel.

e. Confusion exists among the alternative methods of selecting options displayed on the screen.
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3 5.3.3 IETM/PMA Presentation Features Considered Effective

3 a. Integration of Information:

(1) Side-by-side text and supporting graphics.

(2) Linking to cross references to branching procedures.

3 (3) Ability to call locator graphics; e.g., accessed via Required Conditions or a soft key,

3 b. Automated Functions:

(1) Automation of VIDS/MAF completion (especially the Parts-Ordering section).

i (2) Ability to perform Memory Insp ,

(3) Control of the FCS BIT via the 1553 multiplex bus.

Sc. Error Preventioneluction:

(1) Regaining place in a procedure after inten-tion.

1 (2) Dropping a row when moving to the right to get the "Go To" insction.

d. PMA Portability (Size and Weight).

e. Level of TI detail.

L Displays only that information relevant to the Technician's assigned aircrft.I
S5.3.4 Suggestions to Further Improve IEZITPMA (not in order of importance)

La Provide a browse mode for work planning (i.e., a capability for a Technician to scan through

mnaintenance procedures evailable in the IE`M/PMA, and review information-access paths and

navigation instrctions).

b. Speed up PMA's response time,

Ic Provide procedures for pro-expendod parts,
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d. Provide additional locator information on wiring diagrams. 5
e. Provide both abbreviated wiring diagrams and schematics. I
E Provide lockout to prevent inadvertent key activation.

t Reduce screen glare when not "backlit".

L. Make PMA less awkward in cockpit. 3
L 1553 interface: 3

(1) Should be applied so as not to disable the mission computers which in turn disabled the
Digital Display Indicators (DDIs). 3

(2) Improve the Nosewheel Well location of the interface plug.

(3) Design so that the 1553 umbilical cord does not affect PMA portability.

(4) Consolidate feed from the data bus to the PMA into one vs two screens. I
J. Stadardize location of watch icon.

L Eliminate cursor expect y violations,

L Provide alerts for upcoming series of checks.
mn. Ease access to I aonair

m. Em acces mpo qrtant information.

(1) Initial set up.

(2) Fault identification.

(3) Completing the VIDSMAF.

a. Standardize on one mans of cumor control. I
o. Usea 1-0 (not the O-9) sequere for number keys. 3
p. Establish consisteneywith operational practices; e.g,, those involving external hydraulic generators

and preparation of the VIDS/MAFs for the multiple faults. 3
78 1
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3 q. Design friendly abort and restart procedures.

5 r. Arrange so that there is no MEMI/PMAL advance until CDI sign off.

s. Eliminate confusing similarities among required conditions, follow-on and closing actions.

t. Provide more precise uses for the diagnostic block diagram

I u. Ruggedize the PMA; increase the PMA capability of withstanding harsh environmental conditions,

3 v. Provide better labelling of soft finction keys.

w. Provide better battery life and recharge procedure.

I I. During a maintenance procedure, present a record of the time spent on the procedure so far, as

compared with norm or total.

y. Simplify the highlight and select fimctions.

Sz. Reduce Redundancy in Function Keys.

ma& Suggestions for Additional Integration. Although tht Navy and Air Force are already pursuing

many of the Technicians' suggestions, the suggestions ar reported here as a field endorsernnt of

3 these programs.

(1) Provide link to Maintena Control (MC).

(2) Provide next dais flight schedule,

I (3) Provide an interface behtn the PMA and the Data Storage Unit (DSU),

1 (4) Add training content to the IEIM Data Base.

I
5.3.5 Suitability of the PMA for Fleet Use

I Rc,.ults for this Test have shown that the Air-Force-developed PMA was very suitable for the

application for which it was intended. However, for Fleet use (operation of aircraft from carriers), certain

3 improvements are needed, as identified by the users cited in this Section and in Appendix A; e.g.,
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improved cabling for external connection (1553 bus or external power) so as not to impede device

portability, better cursor/pointer control (such as a mouse), longer battery life and unobtrusive battery

charging, less glare from screen, greater ruggedness, suggested relabeling of ftnction keys. These

complaints will generally apply to any portable display device now commonly available in the market

place. 3
Fleet use of PMAs wvuld impose additional requirements such as incorporation of an interface to the

Navy SNAP and NALCOMIS Programs, a diagnostic application, or a training module, all of which have

been developed by othe activities. Such applications can be performed with available commercial

software such as WM O)S and MS/Windows, operating with an INrEL X86 chip set. The PMA used in
this Test employs a Motorola CPU and a DOS-incompatible operating system. Although ruggedized to

some extant, the Air Force PMA does not meet M[,-E- 16400 requirements for the hi gh-humidity and salt- I
spray enviromnwns encountered in shipboard operations.

Thus, Navy requirements for PMAs (PEDDs) might include some ruggedized COTS devices (even

less rugged than the Air Force PMA) and some very rugged M1LSPEC devic, effectively bracketing the 3
capability of the AF PMA in this reg•d. The memory capability of the PMA, both RAM and nonvolatile,

is very low compared with available commecial norms. Tne Navy device would require 8 or 10 MByte

RAM and several hundred MByte nonvolatile storage, vs the 6/32 MByte allocation of the Air Force

PMA. The packet radio on the Air Force device is undesirable in the EMI-sensitive environment of Navy

use.

In sunmy, the factors discussed above lead to the conclusion that the Air Force PMA, although _

very capable, Nwuld not, in its present form, be suitable for the Fleet. A more extensive evaluation would

involve additional factors. 3
U

5.4 TVCNCIAN PREFERENCE FOR THE IEIMVPMA COMBINATION COMPARED TO

PAPER TECHNCAL MANUALS 3
This Section swimarizes Technician preferencm for various aspects of the IEI"MiPMA combination

as compared with the NAVAIR-based vwrk-package F/A-18 Technical Manuals. 3
I
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3 5.4.1 Evaluation of Technician Preference for IETM/PMA vs Paper TNs

Section 3 of the User Evaluation Questionnaire (see Appendix D) consisted of a rating form which

3 solicited a comparative assessment of the MEIf PMA writh respect to the standard NAVAIR paper-based

This. Table 26 shows the rating scale used.I

TABLE 26. Rating Scale Used In Technicians' Comparative Evaluation3 of IETM/PMA and Paper TM Characteristics

iAlullalu ScaleDefinition
0 Paper TM Significantly Better

1 Paper TM Slightly Better

32 No Difference
3 IETM/PMA Slightly Better

£ 4 IETMIPMA Significantly Better
Can't EvaluateI

I
Technicians' prefernce was evaluated from eight standpoints (questions 41-48 of the User Evaluation3 Questionnaire) All sixteen Technicians (eight Inexperienced and eight Experienced) filled out the rating

form. Results are shown in Table 27 as averaged scale factors for each group.

U As shown in previous field test, both == Qf Technicimm preferred the EiTM/PMA combination

to the use of paper TIs for use in F/A-18 troubleshooting. Particularly appealing to the Technicians is

3 the ability to obtain required Technical Information without the need to search through many pages (or

volunms) of conventional paper-based Technical Manuals (e.g., questions 41, 42, 43). Technicians wre3 somewhat less enthusiastic about the actual presentation of tlh TI itself (questions 44 [Inexperienced], 47,

48). As noted in section 5.2.2, additional work is required to optimize for the user the actual display of

3 Technical Information, and exploit the capability of a huninescent screen to provide a Technician with

more effective maintenance support informatin

I
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3 6.0 RECOMMENDATIONS

3 As a result of the present evaluation by the Navy and Air Force participants in the preparation and

field testing of IETMs based on the latest JMS technology, the following actions are recommended:

I
3 6.1 REVIEW OF METHODS FOR AUTOMATED PREPARATION OF IETMN

3 6.1.1 Preparation of IETM for Test

3 In the present Test, the IETIM provided to the using Technicians was prepared through creation of

an IEIM Data Base, by the McDonnell Aircraft Co, This IErM DB was generlly in accordance with the3 Air Force Content Data Model (CDM), as described in the DOD IEIM DB Specification MIL-D-87269

(which, however, was not yet published at the time), The actual IBTM material (iLe., ranslation of the

3 IETMDB to the material actually displayed) was composed through the use of techniques that were almost

entirely automated, with the software (the Presentation System) hosted in the PMA itself.I
S6.1.2 Evalhation of IETM Preparation Proces

Comments as to the effectiveness of the IETM preparation process wme obtained from three sources:

a. The eqperience of the AF Contractor in preparing the IETMDB used (based on NAVAIR F/A- 18

3 pap TNIs),

b. The experience of the Armstrong Laboratory (AL/HRGO) in converting this material to IEIM

3 form, and

c. Test Technicians and Test Observation personnel, based on the results of user performance with,
and pieferne for, the Technical Information.

I[ 8
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6.1.3 RECOMMENDATIONS I
Based on evaluation of these sources, the following efforts with respect to IETM preparation are

recommended

a. IEMDB requiements given in MIL-D-87269 should be carefully reviewd from the standpoints 3
of:

(1) adequacy in supporting the preparation of optimal IlMs, either by means of automated I
techniques or by an author, or by a combination of both; and g

(2) practicality for preparation of the IETI'DB to achieve completeness without unnecessary

effort or complexity. 3
b. Available procedures for preparation of IE1MDBs in accordance with MIL-D-87269 should be

carefully reviewed. A procedural Guide for such preparation, for the guidance of Contractors and

DOD System Acquisition Managers, should be prepared and promulgated. (The DOD-established

Tri-Service EEM Working Group is preparing such a document, completion of which is currently U
scheduled for the first quarter of FY 1995.)

c. Further evaluation is required to determine the extent to which IETIMDB information so prepared

can be exftcted, compiled, ordered, and formatted for viewing by a technician, through use of 5
a Presentation System of the IMIS type (i.e., "dynamically", by the software hosted in the PMA),

without loss of effectiveness and user friendliness. (See note in section 5.2.2.) 3
d. Procedures for Validation of [ErM Technical Information in the IErMDB and TI at the

Presentation System level, prepared from tOr INMDB by automated techniques, should be

developed in accordance with MILQ-87270 of 20 Nov 1992, Qwak Asswwuvn ProFra:

Inkraaw ig*v onk Technkal Manhand An ad Twhna Infonmalon Req •h• nt 3
for (ref. 16). Such pneedures should be standardized and incorporated into an updated version

of IEL-Q.87270. 3

I
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3 6.2 IMPROVVMENTS IN PMA CAPABILITY

The effectiveness of a PMA in aircraft maintenarice has been clearly demonstrated by this Test.
Homever, firther action should be taken, particularly from the standpoint of human factors (user-

interaction) and environmental/ruggedness characteristics, to improve the device to make it more effective

in operational situations. A Tri-Service set of standard performance requirements for the PMA (or PEDD),
similar to those expressed in MIID-87269 and MIL-M-87268 is under preparation by the DOD-

established Tr-Service IETM Working Group. This Specification or Handbook is scheduled for

completion in the third quarter of FY 1994.

1 6.2.1 Recommendation for Navy Use

3 The Navy should continue to assess the effectiveness of available comnmcial Portable Electronic
Display Devices. An in-house Navy development does not appear to be needed. Industry should be

3 encouraged to develop rugged, capable PEDDs and associated operating and presentation software capable

of operating on a wide range of suitable devices. The present processing and display requirements for a

I shipboard or flightline PMA/PEDD do not seem beyond the current industrial state of the art, and with

the addition of environmental capabilities (e.g., keprture extremes, ruggedness, salt, and EMI),3 Comnercial-Off-The-Shelf (COTS) devices should provide adequate basic systems for Navy PMA use.
Existing COTS software for such devices is generally considered unsatisfactory and would require rework

3 or complete development in many particulars.

I 6.3 IMPROVEMENT OF GRAPHICS PRESENTATION

3 Work should be utdertaken to provide needed improvements in graphics displays (designed for

bench-mounted Electronic Display Devices and for PMAs) and in the graphics themselves (e.g.,3 elimination of stairstepping), in the speed of handling graphics (e.g., providing the "next" screen in less

than one second), and in compreh•ible premsation of the type of information which is usually provided

3 to technicians on large-scale p= drawings, As shown by this Test, currently expressed requirements

for scrolling are difficult to implement satisfactorily, and should be eliminated if effective alternative

3 display techniques can be found.
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6.4 ASSESSMENT OF REDUCTION IN TRAINING REQUIREMENTS WITH IETM USE

This Test (and others) have shown the effectiveness of highly proceduralized fault-isolation and

corrective-maintenance procedures in significantly nimproving performance of inexperienced technicians,

Instruction required for use of ar IEIM/PMA combination itself is minimal, The interaction between the

need for schoolhouse and on-board training and the use of TEM& should be carefully assessed with an

eye to significant reduction in formal training rm.quirements, and to define the level to which training

information should be incorporated into the IEM itself.

6.5 INTERACTION OF JFTMv WITH OTHER MA-TENANCE-REIATED FUNCTIONS

An iEM/PMA combination has been shown to be most effective in slrar•lining accomplishment

of interactive firnctons involving maintenance and other logistics processes (e.g., pe.ts ordering and 5
maintenance reporting). It is recommended that effort be carried out or increased to define the extent to

which other maintenance and mainteancm-related funcions should be integrated with EIMs (in addition

to those which were demonstrated in this Test). The achievement of complete Technical Information

integration throughout the entire maintenance process, tind provision of automated interfacing with 5
associated management systems such as NALCOMIS, offer great promise of increased efficiency (in terms

of reduced time and costs) all along the logistics chain. Such an integration of all logistics-support

Technical Information is the basis of IMIS as wll as of the Navy AMIDD (Aircrft Maintenance

Integrated Diagnostics Demonstration) concept. 3

6.6 IMPROVEMENT IN BITE COUPLING N=TH PMA I
Based on effective interaction between the PMA and on-aircraft BITE through use of the 1553 bus, 3

as demonstrated in this Test, future on-aircraft BITE installatiors, design of DSUs for fiture aircraft (and

for other weapon systems), and other test-equipment consideations should take into account the possibility

of direct coupling to, and interactive information exchange with, a PMA or other IETM display system.

Mechanisms for such coupling (e.g., cables, plugs) need work to minimize interfaence with other

procedures or cumbersome arrangements.

I
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3 6.7 REVIEW OF DYNAMIC DIAGNOSTICS

3 The concept of "dynamic diagnostics" (i.e., automated Artificial-Intelligence type application of

information accumulated in the Display Device itself during the maintenance history of a weapon system,

used to improve Fault-Isolation procedures on a case-by-case basis) needs additional development effort

and laboratory testing prior to firther field testing. Also, guidance should be prepared to provide

Contractors with trade-off considerat'ons to permit choices bete TI prepared under full control of a

human author and T1 filly automated by Delivery Device algorithms based on direct interaction with the

EIMDB.

3 6.8 CONTINUED IMPROVEMENT IN ELECTRONIC DISPLAY OF TI

SIt is clear from this Test (and from previous operational tests) that furter work needs to be done on

optimization of the display of Technical Inforrmation on luminous screns of all types. 1his effort should3 be based on work done to improve graphics (see section 6.3) and on work done to improve PMA display

capability (see section 6.2), but will also require further Human Factors effort of the type described in3 ref. 11. Results of such efforts should be standardized and incorporated into M[L-M-87268,

I
I
I
U

I

I
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I ABBREVIATIONS AND ACRONYMSI
1553 Aircraft Maintenance Data Bus Standard 1553 on USAF F-16, and Navy/LJSMC F/A-18

Aircraft

3M Maintenance and Material Management

AF Air Force

3 AIJHRGO Armsbong Laboratory/Air Force Humn Resources Directorate, Wright-Patterson Air
Force Base, Dayton, Ohio

I AMIDD Aircraft Ntenc Integrated Diagnostics Demonstration

SARI Army Reserch Institute

ATE Automated Test Equipnent

3 BIT Built-in Test

BITE Built-in Test Equipinant

BUN BIT Logic Inspection (number)

3 CALS Computer-aided Acquisition and Logisdcs Support

CDI Collateral Duty Inspector

CDM Content Data kodel: Basis of EINIDB

3 CDNSWC Carderock Division, Naval Surface Warfare Center, Betheala, MD

CGM Computer Graphics Nvktafile

I CMAS Comptter-based Mtiemance Aids System: Pmrdcessorý of the PMA of this Test

SCND Can Not Duplicate

COTS Commrclal-Offl.The-Shelf (pradimt)

I DDI Digital Display Ibuica.or
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Abbre-viations and Acronyms, cont'd

DM Diagnostic Modue

DSU1 Data Storage Unit

MDS Electronic Display System

FCC F/A-iS Flight ConroI Computer

FCCA FCC "A"

FC'CB FCC "B"1

F(S F/A-iS Flight Control System

FRM Fault Reporting ManualI

GCSFLJ Gener* Content, Stye, Fornw and User Interaction Requiremens Specification
(now Wsued as ARlL-AM47261, datW 20 Nov 1992)

GoS Ground Support Ecpuipnot

HCIs HMan Coqpute hntefac Specification (See ref 1.)

HF Human FactorsI

IBiT Initiated Built-in Teat

IETM nteractve Elecbvic. Technical Manual

IEM DB Interactive Ele=cfrni Technical Manual Data Base (Specification now issued asI
MIL-D-87269, dated 20 Nov 1992)

JMIS Integrated Maiteawoe Infonnatlon SystemI

MCAIR lvkDonwll Douglas Ahimft Company

M~lT Muntnamwe Built-in Test

MC MaIn~tenance Conlg Il
MIDAS Malnteniarwe and Dlagriotic Aiding System
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U Abbreviations and Acronyn., cont'dI
MIPS Million Instructions Per Second

MOS 6337 USMC Military Occuational Specialty - Electrician

3 MOS 6317 USMC Military (Occupational Specialty - Communication/NavigationRqldar

MSP Maitenarce Status Panel

TflBF Mean Time Between Failures

3 MCAS Marine Corps Air Station

NALCMIS Naval Logistics Comamnd Management Information System

I NCC&OSC Naval Command Control and Ocean Surveillance Center, San Diego, CA

SNPRDC Navy Personnel Reserch and Development Center

NTIPS Navy Technical Information Presentation System

I NSWC Naval Surface Warfare Center

5 PBIT Periodic Built-in Test

PEAM Personal Elect•odc Aid for Maintenance

3 PEB Pre-Eqmnded Bin

PEDD Portable Electronic Delivery Device (a Navy term equivalent to PMA)

PCMAS Portable Computer-based Maintenance Aid System

3 PMA Portable Maintenae Aid (MS term equivalent to PEDD)

PS Presentation System

R&D Research and Developmnt

3RM Re•dability and Maintainability

RMTS Rudder Manual Trim System
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Abbreviations and Acronyms, cont'd UI
R Rerove and Replace

RTOK Retest OK

SATD Strike Aircraft Test Directorate, Patue River Naval Air Station 3
SEI Systems Exploration, hicorporated

SGML Stadrd Gamalized Markup Language

SMA Scientific Management Associates, Inc.

SME Subject Matter Expert

SRL Systems Research Laboratory

T&E Test and Evaluation 3
TI Tecinical Information (Paper-based or MFct€ork)

TIDER Technical Information Deficiency and Evaluation Report I
TG Test Grou (proedre I
VDS(MO' Visual Information Display SystmfMaintenance Action Form (NAVAIR mainternce-

conrol and reporting forn) 3
W,. Work Center

w Work Package I
WRA Weapon Replaceable Assembly

I
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3 INTRODIJCION

Technicians' opinions concerning the IETM/PMA combination vere solicited at the following stages

5 of the Test:

o After each of their six troubleshooting perfonrances.

3 [c As pat of the Questionnaire, they w=re asked to complete after all fault exercises.

i During a Structured Interview following completion of all fault exercises.

3 Subject Technicians were encouraged to identify the positive features of the IETM/PMA and to
provide any suggestions for improvement. The two subsections below srnnarize the opinions reportod
by the Technicians; first, with respect to IEIM features which they thought effective and beneficial and,
second, with respect to the features which they believed needed inproved.

I
1. Effective Features of the IETM/PMA

I a. ITteamtion of Information. Typical ofthe several comnnts on this feature was:•"Everything you
need is right thme; you don't have to page through a bunch of books". The consolidation the3 Technicians were refeiring to includes the side by side presentation of text and supporting
graphics, the linking of cross reference or branching procedures awd the ability to call locator
graphics, which are accessed via Required Conditions or a soft key. One negative aspmt of this
feature concerned allocmion by authors of PMA instructions for locators amnong the three access
techniques; e.g., some Technicians thought that too many locators had been made an integral part
of the text-graphic intructions, which slowed their perfortmance.

b. wtoa~ted Fmctiomn, Technicians were enthusiastic about the automation of what had been
nanual and sonmtimes wo -pron tasks. The automated versions of the tasks consisted of:

(1) VIDS/MAF completion (especially the Parts-Ordering section).

(2) Mmx~ry. Inspect

1 (3) Control of the FCS BIT via the 1553 multiplex bus.

cc. Error PmventionIRedhtior- This lEIM/PMA benefit was identified by Technicians during
debriefings and quantified by the data collected during the test, An example of the types of
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errors which are preventable by IETrs but allowed by paper TMs is the back-and-forth method
of doing maintenance in accordance with any information source. When using paper TMs, the
open book usually shows facing pages. After completing a step at the aircraft, the technician

returns to the book to regain his place in the instructional sequence. Occasionally, the technician
resumes the instructional sequence at a wrong place (for example, on the right-hand page instead
of left-hand page, or by dropping a row when moving to the right to get the "Go To" instruction). I
Technicians in this test committed both error types leading to failures to solve the problem.

d. PMAPortabili. Technicians pointed out that the PMA's relative portability constituted an I
advantage as compared to the numerous paper TMs they Avre required to carry to provide an
equivalent amount of information. In addition, Technicians assessed the PMA's size and weight 3
"a¢ acceptable.

e. Seletion of Informatio for Dila. Technicians approved of the PMA's capability to select for I
display only that information relevant to the Technician's assigned aircraft; e.g., the Technician
no longer needed to review the paper TMs blocks of tail numbers to find the block and the
associated procedure which applies to his ai•waft. This BEIM capability eliminates what has
been an error-prone task. Using the paper TM, more than one Technician followed a wrong set
of procedures through making the wrong "Effectivity" choice.

I
2. Suggestions for Farther Improving the IETM

One of the Structured Interview questions asked Technicians to note other maintenance or i
maintenance-related finmlion that might be supported by applying the IEIM automation approach
Although the services are already pursuing many of the suggested capabilities, they are reported here as
a field endorsement of such programs. The following is a summary of the Technicians' suggestions.

a. Link to Mlaintnce Control TM . The purpose of the link would be to provide MC with real
tine job status information. In fact, a much broader link is under development; i.e., dump of the
DSU, pilot/crew debriefing.

b. Net jli•hLtScedule. One Technician suggested that incorporation of upcoming flight
schedules by Maintenance Shops would allow Technicians to target their efforts nore effectively,

e.g., concentrate on the misrion equiptnir needed to support the schedule.

c. EM l atctae. This suggestion is directed at obtaining directly from the DSU
maintenance-relevant information which is not now available to the Technicians: e.g., deeper
Fault Isolation (to a component within a Weapons Replaceable Assembly (WRA) as compared
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with one or more WRAs), and flight conditions which prevailed at fault detection. This feature

is also under active development.

I d. Adding Traiinng Content t the The Technician making this suggestion perceived the
IETM as having the potential to support On-the-Job-Training for new squadron personnel, This
capability is also under development by the Services.

e, Wor Pl ing. Some of the Technicians reported that their normal troubleshor ting starts with3 a planning session to "scope" out the problem, and they believed that the F inhibited this
phase of their work. They suggested that a browse mode might be included m the PMA to
facilitate this process. They believe, also, that the troubleshooting diagrams (the coded block
diagrams) and the schematics have potential to meet this need.

f PMA'L .nscM Time. The elapsed time betwen pressing 'NEXT' and the appearance of
follow-on screen was deemed too long by some Technicians, especially when a complex grphic

was part of the follow-on sceen. In some instances, the response time approached 10 seconds.

One senior Technician complained that this was especially frustrating when after the graphic of
the follow-on screen appere he found he didn't need it. He would have preferred a "checklist-
type" presentation; e~g., brief textual statements of steps with supporting graphics available via
a soft ftmction key. (Mis objection has been repeatedly made in [ETM field tests. Graphics3 presentation software is still unsatisfactory in this regrd, Emphasis must be added to efforts to

improve this capability,)

g. Pre-E Part.E As already noted, the automated Parts-Ordering process received strong
support from the Technicians; all used it and all edorsed it. However, the process, as included
in the PMA for this test, did not allow the Technicians to follow their normal practice of

checking a local Pre Extended Bin (PEB) for smaller parts, as compared to completing the more
time-conswming, formal ordering process. This situation occun-ed in the two Relay Tests; relays3 are parts sometimes included in the PEB. Technicians commenting on this aspect of the PMA

suggested that including a PEB feature would be an additional benefit.

3 I Informtion oThe IEIMs used a novel type of wiring

diagram whose overall circuitry is limited to that which occurs between two components of
interest, and whose circuitry detail was far less than conventional schematics. The reaction to

these diagrams was mostly favorable but one consistent request was that locator information be
included between end points of the diagram, i.e., add locations of doors, bulkheads a panels

I betwen the end points. The rationale for this request was that the additional information would
allow Technicians to save time by using the half-split technique. In addition, a request was made3 to include test-tolerarnce information where appropriate.

!99



II
i. Abbreviated Wiring Diagrams ys-Schcmatics. Technicians' reaction to the abbreviated wiring

diagrams was mixed, some considering that the detail was adequate, others that the detail was
not sufficient. The latter Technicians believed that the abbreviated wiring diagrams were
adequate for the faults used during the test, but that they would be inadequate for more complex
faults. In addition, they believed that full schematics would provide them with an overview of
the scope of the fault, infornation not available elsewhere in the EIM. They believed that
without schematic information, they had little basis for following the logic of the METMs
procedural sequence. In essence, they were asking. How can technicians assess "Recommended
Tests" and "Ranked Actions" if they have no means for understanding the weapon system's
hardware? They believed that some way needs to be found to present fuller schematics on small
screens. Techniques suggested for accomplishing this included "select a section and zoom" and I
"scrolling".

j. LevLQDtail. Conmments both pro and con wAre offered on the explicitness of the 1EThM I
instructions, Some rmspondents believed that gearing the insrctional explicitness to the novice
was a good feature that would cut down on human error; others believed it was too detailed and
slowed the performance of the more experienced Technicians. These comments suggest that a
need exists for further research on balancing the "Expert - Novice" presentations of the two track
system.

k. Inadvertent Aciation. Use of the PMA in performing the six Fault-Isolation tests involved 3
considerable movement of the PMA; e.g., to the ahncm from the ground to the cockpit, and
back. Technicians observed that during these moves it was easy to press a key inadvertently,
resulting in a new and unwanted screen. One Technician suggested the inclusion of a lockout
key to prevent these disruptive -lrncrences.

I. Screen Gle. Technicians commented that even at angles of view near 900, it was occasionally
difficult to make out screen content because of glare. These same Technicians were quick to
point out that the backlit feature was a great cotutermeasure for this problem, yet they realized I
that this design feature involves a trade-off because of the extra powar needed for the backlit
mode.

m PMIA Awkward in Cockpit. Much of the troubleshooting work is performed in the cockpit and

some portion of this involves movement of the flight-control stick. Technicians complained that
the PMA is an impediment to the stick movewmnt.

n. ,5 Bu3wntsfacf . The overall opinion as to the 1553 link to the aircraft was positive, but
improvement was requested for several aspects.

I
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(1) The hookup required disabling the mission computers which in turn disabled the

Digital Display Indicators (DDIs). This criticism stated that the computers are needed
to collect Engine Life data, and Technicians preferred to have the DDIs active.

NOTE: Taking the DDIs and computers off-line was an expediency for the test and

would not be done for operational use.

(2) The Nosewheel Well location of the interface plug precludes any maintenance action

3 that requires opening and closing of the Nosewheel doors.

(3) The 1553 umbilical cord deterred PMA portability.

(4) The feed from the data bus to the PMA was presented on two screens which had to

be compared, However, the screens to be compared wem not adjacent to each other,

3 making the comparison more difficult than necessary.

o. Watch Ion. It was observed that a standard location and a more attention-getting appearance
are desirable for the Watch icon (the icon indicating that the computer was working).

p. C= •m ie. A complaint was made that the ctrsor movement violated expectations,
e.g., a press of the right arrow key did not always result in a movent to theright.

q. SdaeLgfChecka The F/A-18 troubleshooting procedures include many instances in which a

series of checks must be made; e.g., a set of continuity checks. In the IEIM treatnent, when
the Technician entered his first No Go, the device branWhed to the next step (rather than

completing the remainder of the ch•cks). This procedure was considered undesirable because,

after resolving the fault related to the first No Go, the System Health check night fail and lead
back to the incomplete series. The comrnnting Technician believed that the [Fv ought to

allow completion of the set of checks.

r. Limited Access to Important Information. Technicians complained that some important

information, notably Initial Set Up and FPult Verification, was available only via the VIDS/MAF
(Part 1), and further, it was not possible to backtrack into the VIDS/MAF from a downstrm
position

s. ngorCntA. The PMA offered both R thumb knob and the arrow keys as rneans of
1 controlling the cursor. The Technicians favored the arrow keys over the thumb knob. No

reasons v•ere given.

I t. NmberK=, Technicians favored the number sequence I to 0 over the 0 to 9 sequence.
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u..Oprional Realism The Ground-Support Equipment (GSE)-intensive configuration of the Test

setup was criticized as being in conflict with the operational practice of using the aircrafts

hydraulic pressure rather than the external hydraulic generators used in the test. The criticism
is legitimate, but the external hydraulic generators we a test expedient and not intended as an
operational mease. Other comments about the lack of realism in the PMA included the way
in which VIDS/MAh s %N= prepared for the multiple faults ("Maintenance Control doesn't do I
them that way").

v. Unfriendly Abort and Restart. One Technician noted that the PMA does not offer a user-friendly
way to abort and restart a process such as a test sequence.

w. Collateral Duty Inst•or (CM) Sign Off, A Technician suggested that IElM should not
advance to the next segment of the procedure until the Collateral Duty Inspector signs off at
designated point(s).

x. Confusing Similarities arnong Reuired Conditions. Follow-On. and Closing Actions. The
confusion among these IEIM presentations was based on their visual similarity and the
appearance of repetition. As an example, Technicians complained that they were being diet
to reconnect plugs only to find that a later screen called for disconnecting the same plug, These
procedures should be reviewed for possible consolidation.

y. Q1si;kr-.Block aD m. Comments on them diagrams %uie positive (e.g., they narrowd I
down the possibilities, showed the interrelationships) but contained some neative impressioms
(e.g., marginally acceptable, somewhat confusing, good but mainly applicable to more complex
problems, did not contribute over and above troublemhoting instctions). This mixed review
indicates a need to define more precise uses for this capability, e.g., redo the diagnostic-block
diagrams to serve as an overview of the fault, a need Technicians were not able to meet by using I
existing IEIM content.

z. Frgili- of theM . The need to treat the PMA gently was identified as a characteristic which
mneds design attention. PMA ruggedization is an established requirement for which draft Military
Specifications have been established and apropriate developm•ent efforts are nderway.

aa. CaMUilitv to Withn Harsh Environnental Conditions. Saudi Arabia and Somalia were
mentioned as typical operating environments for the USMC, and of course the PMA would have
to be able to function under environmental conditions encountered in those countries. Such
envirommetal requirements are well known and PMA-design improvements are under
development.
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ab, Better Labellin_ of Soft Function KeA. The specific complaints were not stated but a review

of the key labels would be profitable.

I ac. BattU Life end Rmehare, The operating life of rmw batteries is considerably bet than the
batteries used in the test. Homver, the life and recharge constraint is a limitation and is being

worked on.

ad. Alert Cue for Lone Series, The IENM presents long series of tests (e.g., Left Stab nterniittent

Wiring tests) on three or more sreens, The technician can waste time by reading the first
instruction, going to the aircraft to carry out the test, returning to the PMA to enter the result and
then, upon advancing to the next screen, finding that he has to return to the previou test location.
The technician suggested including a prorrpt at the outset of these series to rnimize any such
back-and-forth time, e.g., look ahead and jot down the pin ntmbems, or cany the PMA with him
if location of tests is within the cord radius,

ae, Time Spe•t So Far Against Normal Fractional or Total Tiny. One technician suggested that the
PMA par t some rnmns of showing average task-completion time, with a nming indication
of how far into this average tirm the work had progressed (e.g., a bar chart showing 25%/ 501,
7 75% , 100I,/).

af. •d tAd~the I- 'ah nd Selet Fntio. In a typical use of these PMA keys, a
Itechnician would move the cursor over the desird item (this action highlights the item), then

press the SELECT key and finally press a key to implement the pertinet action Apptrently,
I other PMA sequences (or ote com puter experiences) led technicians arroneously to believe that

pressing only NEXT after highlighting an item implemmnted that item's action rhis conAlion
led to wasted time, some munxct scren advanices and occasionally an eroneous input to the

PMA. For example, in a list of test-result options with one defaulted, the technician moves
cor over a non default va , res ulting in its being highlighted He then presses NEXT
intending this action to enter the higighted item into the PMA. In fat, without first pressing
SELECr, pressing NE.T will enter the default item (instead of the highlighted item) into the
PMA. The faulty sequence results in serious deviations from the desired diaostic path.

ag. LeuM-Than-Full-UJe of Function 9=vs. Certain PMA screens offer the technician more than one
way to interct with or manipulate the screen hard keys, highlight and select, soft key, NEXT

to a default. Most technicians appeared to learn and then go with one technique over the
altermaives even though it might have been more efficient and user friendly to use techniques
best suited to the situation at hand, e.g., NEXT for defaulted option; soft key for choosing special
options.
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I. BIOGRAPHIC DATA SHEET

3 Name: Participant #:

Rank/Rate/Job Title: NEC:

Time in Service: Time in NEC:

I Command/Activity Name & Location:

Dept. Title/Code:

Are you right-handed? Yes No

U Years/Months at this Command/Activity:

3 Navy Schools Attended (Provide dates):

I" F/A-18 Maintenance Experience (Years/Months):
Note: List specific FIA.18 systenis/subsystems you have experience

on, i, ea the flight control system,

Specify percentages:3 Hands-on: Instruclor: Other (Speclfy):........_

Other Aircraft Maintenance Experience (Specify):

I Do you have any computer programming training experience?
(_Please specify, e.g., octal, binary, digital fundamentals, etc.), e.g.,
gourse taken, language, familiarity, etc.

U Please summarize the computer type and applications you are

familiar with: __.. . ... _,

I
I
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5 Parlicipant #_

PERFORMANCE OBSERVATION FORM

U . Presentation Method.. ... . InihiaJs of I
EProblem # PMA Minual Dale of Test Observer(s)

I ...... 1

I SECTION 1: PRELIMINARY ACTIVITIES

NeEntries to this section should be made immediately after the VIDS/MAF is first

IiDpresented to the test parricieant.

1. START TIME:

2. After obtaining the VIS/MAF, list any problems (e~g., finding the technical manuals,etc.) you detecl In
gathering the technical information and tool kh prior to exiting the work cenler, Please note any
problems in accessing the VIDS/MAF via the PMA, e,g,, does the technician make (or appear to make)
Inappropriate button presses on the PMA.

I
3. How much time did the technician spend reviewing the technical Information?

__ ,START ,,_,STOP NONE

1 4. STOP TIME:

SECTION 2: SET-UP AT AIRCRAFT

1. START TIME

3 2, Describe set-up problems for placing PMA or WP at the aircraft, [For PMA, include connection to the
1553 bus,)I-

3. Note any problem "verifying" electrical and hydraulic hook-ups.

4. Detail steps technician took to verify fault symptoms documented on VIDS/MAF prior to initiating
troubleshooting, i.e., describe the process for initiating the BIT (PMA should be straight forward with
the PMA controls; WP will require knowledge or technical Information referencing to run the
appropriate BIT).

5. STOP TIME: 11___



Parlicip ant •t -

SECTION 3: TROUBLESHOOTING ACTIVITIES 0

Entries to this seclion should be made immediately afler the fault symptoms have
been verified throuLh the appropriate BIT,

1, START TIME: I
2. In the spaces below, list and briefly describe all fault deteclion and isolation tests in the order each was

performed; and, note whether the lest was valid or invalid. Include applicable technical information i
consutled for each test performed; then briefly describe the results of each test under the heading!
"Test Outcome.' Continue on additional sheets as necessary.

Description of Fauh Detectiorv1 Tech, Info.
Isolation Aclion(s) Performed Checked

Step No. Note whether t0 was ,a,,valid,,or invalidl test Vol/Seclion Te~st ,'corme

_11I

__I

I
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i ~Pamlicipant #:Ut

SECTION 3- CONTINUATION SHEET

DIescription o 1 Faul Detectiorv Tech. InI o. I
Isolation Aclionls) Performed Checked3 Step No Note whether 0t was a vali or invalid test , Vol/Seclion 1 Test OL.come

3 List e t h h n l t e h u e ee,_and,_the

o I _e., sucesofilre

-. _ ___

I-11

IMEN

-I

I 113
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Participant C

SECTION 4: REMOVE AND REPLACE
_ _ _ _ _ _ I

1, START TIME:

2. Describe any problems the technician has whh accessing the correct Remove and Replace' procedure I

5. STOPTIME:3

SECTION 5: REPLACEMENT PARTS IDENTIFICATION & REQUISITIONING

No. Entries to this section should be made immediately alter the test paricipant has

II , isolated the FCS maflunction to the lautly wea ns replaceable assembly (WRA).I i

1, START TIME:

2 Alter detitilying the correct "Remove and Replace' procedure, detail all the steps the technician
takes to access parls information and identify the fauly WRA. Note all problems.

3 Note that all entries to the supply requisition (i~e., for ordering a replacer-rni WRA) are complete and I
c~orrect, Note all problems.

4. STOP TIME E: _ _

11I
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Participant #:

SECTION 6: REQUISITIONING PROCEDURESI.
1. START TIME:

2, After requisltioning the part, detail all the steps the technician takes to complete the requlred paper
work. Note all problems,I

1 3. STOP TIME _

I SECTION 7: INSTALLATION AND CHECKOUT

1, START TIME:

2, Although simulated, the technician will be *given" the replacement part and asked to "installo I,
Describe any problems the technician has In accessslng the correct 'Remove and Replace'
procedure,

1

1 3. After the anew' component has been Installed, detail the verification process the technican follows to
ensure the aircraft is operational.I

I
I

I4. STOP TIME:

I
I
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Participant I

SECTION 8: VIDS/MAF COMPLETION

I l.gjj Entries to this section shoutl e made immediately atler the test parl' ipant has I
received instructions from the test administrator to fill out the VIDS/MAF for thee
troubleshooting problem just completed. It is anticipated that this aactivly will be
performed in the F/A.1 8 work center,

1. START TIME:3

2. Was correct technical information accessed and used when completin entries to the VIDS/MAF?

_ YES NO.

It *NO." list discrepancies obse n the spaces below: 3

I
3. Were all applicable data en1es to the VIDS,/AF complete and con'ect? YES NO,

I1 "NO,* list discrepancies observed in the spaces below-

I I
4, STOP TIME _I ,I

I
i
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USER EVALUATION QUE;'TIONNAIRE Participani #l

3 The Portable Maintenance Aid (PMA) that you used during the F/A.16 test is an example

of how maintenance procedures and technical data may be delivered for next generation aircraft.

Since you and other technicians may be using such a device in the future, your feedback on the

3 current model of PMA is essential. Accordingly, this questionnaire was designed to obtain your

opinions about the design, operation, arid usefulness of PMA.

I Specifically, we ask you to evaluate the questionnaire items using the 5.polnt scale

3 appearing to the right of the Items. Rate each Item by placing an 'X6 in the appropriate

column. We encourage you to respond to as many of the questionnaire items as possible but

i recognize that there may be some Items you cannot evaluate based on your limited experience

3 with PMA, In those cases, place an 'X' In the column headed: 'Can't Evaluate*.

Section 1: Physical Features of PMA

Scale Values

Items L

1,. Overall weight of the device.

2. Overall size (width and length) of the device.
3. Overall height (thickness) of the device.

4, Ease of posltioning/repositioning PMA at the workslte.

5. Ease of connecting PMA to the 1553 bUs.

6, Size of keys. a.- - --.-

7. Location of keys.

10 §2aclng of keys.
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Section 1: Physical Features of PMA (cont.)I

Scale Values - - 3

Items

9, Response trn. after key press,

10. Appropriateness of function keys.,

11, Adequacy of screen size for displaying Information,

12. Brlahtniss of screen.- - - ,

13. Contrast between letterstgraphics and background,

14. Amount of Wlare on display screen,
I5. Key pressure resistence/sensitivity.- - - --

Sectlon 2: Software/Operatlonal Features of PMAg

Scale Values -

Items L

18. Spacing of Information on the screen (vs. crowding), /

17, Legibility of displayed letters, numbers, and words.,

18. Adequacy of organ izatIon/arrange me nt of Information.

19. Adequacy of options on menus/f Onction keys,1

20, Adequacy of menu organization,

121. Ease of using menus/function keys.
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Section 2: Software/Operatlon Features of PMA (cont.)U
U

S.. Scale Values

Items

22. Ease of moving cursor with arrow keys. ,

I _ill_ _ _II__ _ _ _ _ _ _ _ _ _ _--- -

23, Ease of moving cursor by pressing number
keys.

24. Ease of moving cursor with thumb knob,I - -,-

25, Ease of returning to appropriate place In a set of -3 procedures after branching elsewhere In data base.

26, Adequacy of Information for supporting maintenanoc
tasks (i.e., completeness, accuracy, relevance),

27. Appropriate number of procedural steps per screen,

28. Adequacy of PMA for completing supply

requisitions, VIDS/MAFs, etc. /

1
I
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I

Section 2: Software/Operational Features of PMA cont.) I
U

Scale Values -

Items

29, Scrolling function availability,

30. Scroll mode (hard key), -- - - V

31, SorollIng with arrow keys and SELECT key.

32, Availability of functions on soft keys,. -" , I
33, Menu Item names, -/'

34, Avaliablity of menu functions-,-,

35. Cursor visibility. S---..--.

36. Legibility of graphics.

37. Adequacy of detail on graphics.

38. Ease of accessing Locator diagrams,
.9, Adequacy of-detail provided on Locator diagrams.

40. Adequacy of wiring diagrams, j

I
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Section 3: Comparative Assessment

This section of the questionnaire deals with the efficiency and effectiveness of PMA compared to existingtechnical manuals for the F/A.1 a aircraft. Note that the words listed under the heading scale values
have changed. Please review this scale carefully before rating the items in this section. To avoidI repetition in the wording of the Items contained In this section, begin each with the phrase:

The PMA can be compared to F/A-1 8 technical manual Work Packages (WP) In
the following ways __

3 -_ Scale Values

Items

41. The overall time and effort required to obtain
maintenance Information.

3 42. The fatigue you experienced when using It,

43, The confusion or frustration you experienced in
obtaining needed technical Information, .

£ 44 The overall organization and arrangement of -technical Information.

45 Obtaining access to needed technical Information, .

S46. The method of presenting technical Information.

47. The overall completeness, accuracy, and5 applicability of technical information,

48. Supporting maintenance on the F/A.18 flight
control system,
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Section 4: General Reactions and Comments

The spaces below are provided for maling any comments, complaints, suggestions, etc. you may have
regarding the current model of the PMA device (e.g., for any item rated "unsatisfactory" or °Marglnar'. it
would be helpful to know why it received that rating). Comments may be continued on the reverse side of
this page if necessary.

S~I

Thi concude th use evlato qus ionar. You asisac In prvdn this esenia ....maio

S~I

Thisnldsteur evlaion qusionaie You aistance in poidn this eenia inrato m

Is appreciated. ,

12I
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I 
STRUCTURED INTERVIEW GUIDE Participa :

I What we will be talking about Is based upon the degree that you used the
following PMA features:

1 Scrolling, panning, zooming
- CircuM schematic and wiring diagramsI . Switching between levels of detail
* On-line HELP
* Cross.references to related procedural steps/lechnical informationU Electronic form filling (e.g,, for supply requistions, VIDS/MAF, etc,)

I. Specific questions for PMA users:

I I . Did you use scrolling, panning, or zooming? If YES, then:

a. Were these features useful?
b. On a scale of 1 to 5 with 1 being very easy, and 5 being very difficult, how easy were these features tcEuse?

1 2 3 4 5
[i [] 0i 1] []

Very Easy Very Difficult
c. Can you add to that or give an example?

I

I 2. Did you use circuit schematic or wiring dlagrAms? If YES, then:

a, Was enough conlexi provided on the diagrams to prevent you from getting 'lost*?S b, On a scalp of 1 to 5 with I being very easy, and 5 being very dfficull, how easy were schematic and wiring
diagrams to use?

1 2 3 4 5
(1 [1 H] [) (I

Very Easy Very Difficult

I
c. Can you addto that or givean example?

I
-I
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I
3. Did you use more than one level of detail? If YES, then:I

a Whch level of delail was most useful to you? Why?
b. On a scale of I to 5 with I being very useful, and 5 being not useful at all how useful were the two levels o0
detail?

1 2 3 4 5
I] (1 [1 [] 1]

Very Useful Not Useful At ANl
c, Are two levels enough? If not, how many levels of detail should be provided?

I

4. Did you use on-line HELP? If YES, then: 3
a. Did on-line HELP provide useful information?
b On a scale of I to 5 wilh I being very easy, and 5 being very dhliicun, how easy was on-line HELP to use?

1 2 3 4 5
[] I) 11 11 I)

Very Easy Very Difficult
c, Can you add to that or give an example? I

I

5. Did you make cross-references to other procedural steps/technical Information In the 3
database? If YES, then:

a, Was the cross-referenced information usefuL/relevant to the task at hand?
b. On a scale of 1 to 5 with 1 being very easy, and 5 being very dhcIlCull, how easy was the cross-reference
feature to use?

1 2 3 4 51] (1 II [] I]-I
Very Easy Very Diicuft

c. Can you addl to tha or give an example?

I
I
I
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I
I 6, Did you use fault Isolation diagrams? If YES, then:

a, Were the diagnostic block diagrams organized correcly?
lb. On a scale of I to 5 with I being very easy, and 5 being very difficutl, how easy were the diagnostic block
diagrams to use?

1 2 3 4 5[] (1 [1 (1 [
Very Easy Very D'ifiuhSc, Did the shading of the probable faulty components make sense?

d, Would you change the way the diagnostic system works? How?

I-
I

U 7. Did you use the Menu System and Programmable Function Keys? If YES, then:

U a. What data access methed did you use more frequently?
b, On a scale of 1 to 5 with I being very easy, and 5 being very difficult, how easy were these features to
use?

1 2 3 4 5U] 1] [] C] 1)
Very Easy Very Dtfficu"l

c. Which method did you like better? Why?
I U. Were any of the functions difficult to understand? Which ones?

e, Would you rename any functions to make them easier to understand?

I
I

8, Did you use the number syttem and cursor for data selection? If YES, then:

N a, What selection method did you use more: numbers or cursor?
b, On a scale of 1 to 5 with 1 being very easy, and 5 being very difficult, how easy were these features to
use?

1 2 3 4 5(] [) [1 (1 (1
Very Easy Very Difficult

c. Which method did you like betflr? Why?
d. What method did you prefer for cursor movement: joystick or arrow keys? Why?

I
U
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a
9. For the PMA training that you received:

a. Did the PMA training provide enough Information for you to work etlelively durng the test? Too
mucMoo little?

b. Were there any funclions~Ieatures that were not trained well enough?
c. After the PMA training, would you feel oomfortable teaching co.woriers how to use the PMA?

SI

•~II

10 If the electronic form filling function was used: U
a. Were data entries that were made "automatically" by PMA compete and oorrecl? I
b, On a scale of 1 to 5 with 1 being very easy, and 5 being very diflicutt, how easy was the electronic form
filling function to use?

1 2 3 4.5

Very Easy Very Difficult
c. Can you add to that?

13I

I

I
I
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I
I ii. Ask the following "general" questions of PMA users:

//Alternate asking questions 111 and 112 until you have the three top "like@s and three worst

" "dislike#" listed.//

11. What did you Wa most about the PMA system?
I 151:....

U 2nd:

i I 3rd: ,, ,____ _,.. .

1 2. What did you i.JkLe.t most about the PMA system?

I 1 stt

U 2nd:

3rd:

I
13. If you had the choice, would you prefer to use an Automated system like PMA or do
you prefer to use conventional (paper.based) technical manuals? Why?

U

I 14. Are there any other maintenance or loglatics support functions that you think an
automated system like PMA could/should support? If to, please tell me what these
support functions might Include.

131



U
15, What changes would you recommend to Improve the automatic PMA system? 3

'UI

1 6, Can you foresee any problems when using an automated system like PMA to perform
maintenance duties on the flight-dock.lllght-Ilne? If so, please describe to me what these
problems would be, and any recommendations you may have for overcoming them.

Thank you very much for your participation. You have provided us with valuable
performance data and Information on the usefulness of PIMA and similar systems.
Please wait until this project Is finished before discussing any details with your
friends. They may be taking part In this project and you could unduly Influence them.

THANKS AGAIN!! 3

I
I

I ,
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3 APPENDIX F
I
U

i SAMPLE IETM/PMA FRAMESI
3 VIDS/MAF Showing Dlbcrepancy/Symptom

Block DMagram Screen

RankW Actions Screen

* Log File Screen

3 Closing Actions Screen

I
I
I
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Page VIDS/MAF Showing Discrepancy/Symptom

After a succesful si n reprosentat~on of d-e NMv VIDS(MAF formispresented (Fig. 7). Ksfmpresents Hfomation about Ow. job ftt OweI ~technica~n needs to got stared. The todvician cant review "n enter Information
required for th form as neciessary. The nma nmber, di~ssepancy, bureaunumber, date, etc., are Included on ft form, At tv "d ol tv meotwance
"Wson, Infoma~n wOl be a rbaon ily- Aled In by the esot"are. This3information Y41U include rnantenar6W- action' taken, periormance times, how
mnafhfncion cod9, e tc,

rF TIE~ OKK- ai LO4 L r

3101 P. le m AII4TKAMM AY

BUREAU P i16376 WWI N 00S.n A 9 0
JOBCU WMTL 0i I IY INTA~
PILOJ1WITIATO~t LC-. G..4 kw..Caq %VRK Wflt.R

CAM~ 0 up

3 ~LAM Kea Wee~Mg

3 P, OKuw Kw~ .4 1 6. .'# .I . -~-

IFigure 7. VIIDSIMAF oen
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Page Block Diagram Screen

TM OF WVL1MWM'IJI.0 DMPL.47 GROUP

MROMMCPO( ACT)O4i RPAP"" LIM

MULTUVI~M~O 04SPLAY 6111,011

RPw IW &C ON" 1 7.y14 LWOWd I x Iq

Figure 9. Block Diagram, Screen.

The first troubleshoot~ing mscren presented to the technicia'n wvill be anl
IMIS*DM Iblock diagram (F1g 9). This encoded dintgrarm aids the technician
6y conveying the followirg %fdrraon: the systemn undergoing trouble c.hootin 9;
the recomended (or selected) rnaintenanoe .ctvity; the suspected component
or srystem (shaded block); fte component or "stm affocted by the advtyt
(dark border around Nlock); related syste-ms (ellipse),, and any component or
system which have been removed from consideration by some previous ction
(diagonal ttvough bkock). Soft keys at Ow bottorm of fte screen provide accessI
to additional Inforrmation Owe techniidan may wish to see. Atear every action
(test or repair) the block diagram will be updated to reflect the current status
of tt-* component of "ame~. *



I
Page Ranked Actions Screen

I
After reviewlng the bkck diagram, the technician has the option to perform

any available acýon, not just the one being recommended by the IMIS-DM,USeveraJ ranked lists are provided to fte technician to aid in fte toubleshooting
process, One such list, Ranked Actions (Fig. 10), provides an interleaved list
of additionai actions the technician can perform other than the recommended
one. Also included on the list are th time required to perform the action,
the failure probabilfty of the action, and the availablllty of each action. The
flexibility bulIt Into the system Wlows the user to take full advantage of their
exprence and knowledge of the aircraft while still being supported by theIMIS-I.M.*

PAW 90ACWON

o FAIL

II
* U 2A= &.•..JJ

3tp~s NDC ILIv 40% Tee GA

iO C) •~~' C•bnM ,,eh l At Me., I Cl 1A, 4 % YLA
6, 0 Conpooty• Clmf At otý T C2 10 Nlq doi

I

' ...... I... .. II

I ~Figure '10. FRanked Acttons Screen.
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Page Log File Screen g

A Log File is maintained during tve session (Fig, 14); any time during or
after the session, the technician can review the actions they performed and
their status.

2, Door 111213 Is squa to Open
S. 02 IM W eual to oI

S. DIVapLoy Functional Check 3I "wl to pass

I
I

eftes 0 uom ~6ou oS~fl w e 4"W is44%w

CANCE HelpU
~ ~L .. . , " " 1 ... " 1 1 .' _ l .. .. . I E=, € ' .I ' . , :+

Figure 14. Log Fie Screen, I

I
I
I
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Page Closing Actions ScreenI
I
I

When the technician has successfully repaired the aircraft, a list of actionsrequired to ciose out te session Is presented to ensure the aircaft Is returned
to ?t proper state (Fig. 15).

cLOIM A= OcN8

ro I is i W iii do owwi8 ft ~a

7 6t Ow arl In a Iwftmllli

I
143 IDrIOpt p

I
Pro 

i~r ""GAV 4 . H l'

I NEXT I I I' I H-lp.

3 Figure 15. Closing Actons Screen.
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